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ABSTRACT 
 
Insect pest infestation is a major constraint in cotton production and causes 
heavy yield losses every year. Some studies report that insect pests attack on 
genotypes/cultivars with the traits, frego bracts, okra leaf, and red leaf color is 
comparatively lower. The genotypes/cultivars with these traits were planted and 
separated by fine netting to assess insect pest infestation in comparison to 
commercial cultivars. The Gossypium arboreum cultivar, FH-170 had minimum 
number of population buildup of sucking and chewing insect pests. Among 
hirsutum genotypes/cultivars, minimum population buildup of thrips, mites, 
spotted bollworm and American bollworm was found on Gumbo Okra. 
Minimum aphid was recorded on Russian Red. PBG-Fb-5 showed the most 
resistant response against pink bollworm. Population buildup of thrips, mites and 
aphid was relatively higher under water deficit conditions compared to well 
watered conditions whereas, population buildup of jassid, and white fly was 
higher under well watered conditions but was non-significant. Populations of 
parents, F1 and segregation pattern of F2 and backcross populations of crosses 
involving okra leaf, frego bract and red leaf  traits showed that the traits were 
monogenic, okra leaf type and red leaf color being incompletely dominant and 
frego bract as recessive trait. Gene action of agronomic traits (plant height, 
number of bolls, number of monopodial branches, number of sympodial 
branches, boll weight, lint percentage, seed index, fiber fineness, fiber strength, 
and fiber length) in the crosses involving okra leaf, frego bract and red leaf color 
were different. Heritability estimates for different agronomic traits in the crosses 
of okra leaf, frego bract and red leaf color varied from 0.26 to 0.95. These results  
showed the interaction of the insect resistant traits with agronomic traits. 
Correlation of the traits, okra leaf, frego bract and red leaf color with agronomic 
traits showed that okra leaf positively correlated with sympodial branches, lint 
percentage, fiber fineness (measurement scale has inverse relationship with fiber 
fineness) and fiber length whereas, negative correlation of okra leaf was 
observed with plant height and seed index. Frego bract had negative correlation 
with boll weight and lint percentage. Red leaf color had positive association with 
lint percentage and negative correlation with number of bolls and sympodial 
branches and fiber strength. Negative correlation of these insect resistant traits 
with some desirable agronomic traits reveal that very large F2 population would 
be required to find insect resistant recombinants with desirable agronomic 
attributes. The correlations among agronomic traits in the crosses involving 
different insect resistant traits were different which suggest that while 
incorporating each insect resistant trait into a strain, a different breeding strategy 
will have to be followed. Simple qualitative nature of the traits, okra leaf, frego 
bract and red leaf color reveals that the traits may easily be incorporated into 
commercial cultivars. 
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CHAPTER 1 INTRODUCTION 
 
Pakistan is an agricultural country with 180.71 million population (Pakistan Economic 
Survey, 2011-12). The contribution of agriculture to GDP is 21%. Cotton is the most 
important cash crop of the country. Pakistan is the fourth biggest cotton producing country in 
the world producing 11.65 million bales cotton per annum (Pakistan Statistics Year Book, 
2009). The word, cotton is used only for that fiber which is spinable into yarn. The fiber 
obtained from cultivated old world and new world (American) species of Gossypium produce 
fiber with qualities suitable for spinning and textile.  
Cotton has been grown from pre-historic time in America (Ahmad and Ali, 1993). 
Using DNA fingerprinting technique, it is found that the genus Gossypium originated about 
5.15 million years ago (Wendel and Cornn, 2003). It is well documented that people of India 
and America were well aware of cotton plant and its use as textile. Cotton is now grown 
throughout the world in tropical, sub-tropical and temperate regions of more than 60 
countries. 
Cotton belongs to genus Gossypium. The genus Gossypium is comparatively large 
consisting of 50 species (Brubaker et al., 1999). Among these 50 species, six are tetraploid 
(2n= 52) and the others are diploid (2n= 26). They are divided into old world and new world 
cotton species. Only four species G. hirsutum, G. barbadense, G. arboreum and G. 
herbaceum are domesticated as source of spinable textiles fiber. The diploid species,  G. 
arboreum and G. herbaceum from the old world have been domesticated in Africa and India. 
The tetraploid species from the new world, G. barbadense and G. hirsutum were 
domesticated in America. Cotton is only one of its kind, among crop plant as four separate 
species were independently domesticated (Percy and Wendel, 1990; Wendel et al., 1992). 
The species G. hirsutum called upland cotton constitutes 90% of world production. Egyptian 
cotton which is called Pima cotton in USA (G. barbadense) constitutes 9% of world cotton 
production. The old world cotton G. arboreum (also called Desi cotton) local to Indo-Pak and 
G. herbaceum (also called Lavent cotton) local to Africa and Arabian Peninsula constitutes 
1% of total world cotton production. The old world cotton fibre is smaller and rough 
whereas, the upland cotton fibre is longer and fine in quality. The Pima cotton fibre is the 
longest and finest in quality. In Pakistan, upland cotton is grown on 99% of the cotton 
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cultivated area. Although, cotton plant is perennial shrub with determinant habit yet grown as 
annual plant to produce maximum lint per plant (Fryxel, 1979).  
Cotton serves as raw material for hundreds of products such as, towels, fabrics, robes 
socks, underwear. It is also used in cosmetics and paper industry. Cotton is principally grown 
for lint; however huge amount of seed is also produced as bi-product which is an excellent 
source of dietary protein for livestock. Cotton oil seed is an important source of edible 
cooking oil, and constitutes about 51 % of total domestic edible oil production (Shahid et al., 
2010). Edible oil extracted from cotton seed is one of the best in quality if refined properly 
and is being used in America, Uzbekistan, China and India (Ashokkumar and Ravikesavan, 
2011). Cotton seed oil contains relatively high amount of palmitic acid which makes it stable 
at high temperature. So it is widely used in potato chips, crisco, processed foods like cereal 
bread, snack food, salad oil, mayonnaise and salad dressing. Cotton seed oil has ability to 
resist rancidity and provides prolong shelf life to the products containing this oil as an 
ingredient. However, the presence of palmitic acid is undesirable for men and women who  
have tendency to obesity, as it can raise cholesterol level (Cox et al., 1995). Whereas, Davis 
et al. (2012) have recently reported that taking a diet rich in cotton seed oil reduces 
cholesterol. Linters from cotton seed are used to produce cellulose derivatives of long range 
(Gregory et al., 1999). Cotton stalks consist of cellulose (79%) and lignin (13.7%) and are 
source of bio-fuel (Reddy and Yang, 2009). 
The present textile industry is multi-billion dollar activity built from production of 
raw fiber to processed textile products (May and Lege, 1999). Cotton brought industrial 
revolution to England and has played an important role in economy of U.S.A., India, China, 
Australia, and Pakistan. The agricultural countries produce cotton and earn foreign exchange 
by exporting raw lint; industrial counties make cotton products and earn foreign exchange; 
the third party, heavy machinery manufacturer export machines for processing fibre and seed 
to make products. Sustainable cotton production is a desperate need for a large population in 
the world. 
Cotton plant is visited by insect both injurious and beneficial due to its succulent 
leaves, production of nectar and abundance of fruit (Gaines, 1957). More than 1326 species 
of insects visit cotton crop worldwide (Atwal, 2002), however, 96 insects cause damage to 
cotton (Younus et al., 1980) by sucking cell sap and chewing (Ahmad, 2001). It has been 
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estimated that annual loss due to cotton insects is over 200 million dollars which demands 
need of a satisfactory insect control program. Cotton yield is significantly reduced under 
biotic stress. According to Haque (1991) insect pest infestation is responsible for 30-45% 
losses in cotton production. Thirasack (2001) reported that yield losses may be up to 70 % of 
the potential production in the absence of insect pests control measures.  
Cotton crop in Pakistan is damaged by many insects including thrips, white fly, 
jassid, aphid, mites, American bollworm, spotted bollworm, pink bollworm, and army 
bollworm. The use of synthetic pesticides has become part and parcel of insect pest 
management in all cotton growing countries including Pakistan. In Pakistan, chemical control 
of insect pest started after Second World War, in 1952 with tremendous support of Pakistan 
government (Rasheed, 2007). It was almost negligible up to 1960s, which was increased 
gradually. For plant protection measures, consumption of pesticides has rapidly increased 
from 1980 (Azeem et al., 2002). Pakistan imported 117.5 thousand metric tonnes of 
pesticides during the crop season 2005-06 whereas, it was 12.5 thousand metric tonnes in 
1985 (Khan et al., 2011). The use of pesticide increases cost of cotton production as well as 
environmental pollution. Heavy uses of pesticides also pollute soil and deteriorate its fertility 
(Murray, 1994). 
Globally, approaches to control insect pest are changing from pesticide application to 
alternative methods like biological control, cultural control and genetic  control. The 
combination of these methods can yield considerable success in controlling pest without 
deteriorating environment. Wild species are good source of desirable resistance traits to pest, 
and thus these species may provide genes of great value from breeding point of view, and 
may prove fruitful in modeling varieties (Painter, 1958; Poehlman, 1986), however, the 
phylogenetic barrier is hindrance in exploiting diploid cotton species for transferring insect 
resistance to cultivated tetraploid cotton (Ahoton et al., 2003). 
There are a number of morphological traits in upland cotton that confer resistance 
against insect pest. Cotton plant with red leaf/plant color, frego bract, and okra leaf shape are 
reported to be less preferred by many sucking and chewing insects (Wilson, 1986; Ahmad et 
al., 2003; Boyed et al., 2004; Aslam et al., 2004; Neto et al., 2005; Rolshausen and Schaefer 
2007; Jain and Bhargava, 2007; Neto et al., 2008). Genetically engineered Bt cotton has 
resistance only against bollworms but not against sucking insects. Bt cotton cultivars may be 
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engineered having these traits which would have been lower infestation of sucking insect 
pests. So incorporation of genes for these traits to Bt cotton is important.  
To assess resistance of cotton genotypes by maintaining insect pest population 
buildup on particular genotype under field conditions is tedious work as the experimental 
plots of different genotypes have to be separated by nets to confine the insect population 
within the plot. So these studies are very rarely undertaken.  
The objectives of the present studies were: 
1. To assess the insect pest buildup on okra leaf, frego bract and red leaf cotton in 
comparison to commercial cultivars under well watered and water deficit condition.  
2.  To find the genetics of okra leaf, frego bract and red leaf color cotton traits.  
3.  To analyze the genetics of agronomic traits in okra leaf, frego bract and red lea f cotton. 
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CHAPTER 2 REVIEW OF LITERATURE 
 
Insects belong to class insecta and are extremely diverse. They are considered the most 
dominating and successful creature combating environmental, geological and biological 
hazards for more than 350 million years (Pedigo, 1988). Insects are found everywhere on the 
earth including depths of oceans. According to a close estimate, for each man there are 200 
million insects and one acre of land contains about 40 million insects (Pedigo, 1988). Insect 
size ranges from 0.31mm to 33cm. The size of the most insects is so small that they can hide 
in environmental niches making themselves safe from other animals, contributing greatly to 
their success and dominance (Painter, 1951). The secret of their evolutionary success lies in 
their huge genetic diversity and mode of reproduction. Each female produces a large number 
of eggs responsible for the production of genetically diverse offspring. They reproduce with 
and without fertilization depending upon environmental conditions. Reproductive capacity, 
growth and development are some important features of insects, which play considerable role 
in their adaptation to meteorological fluctuations. Flying ability of insect also enhances their 
success by aiding in dispersion and escaping from predators. 
Plants and insect have been living together for millions of years and have developed 
different supportive and detrimental interactions. There are many examples in which plant 
and insect support each other. Pollination benefits  both plant and insect; as plant is cross 
pollinated and insect collects nectar. Insects feed on a wide range of living organisms 
(Pedigo, 1988). Many insects cause huge damages to crops and are responsible for low 
productivity (Painter, 1958; Peddigo, 1988). When their damages reach beyond economic 
threshold level; they attain a status of pest (Painter, 1951; Maxwell and Jenning, 1979; 
Pedigo, 1988). A notion launched in mid-20th century that insect could be wiped out from the 
agricultural lands by using pesticides was rejected in the last quarter of 20th century and 
scientists realized that most durable control of  insects is to develop insect tolerant crop 
varieties. 
Insect pest infestation is responsible for huge losses in crop production which may 
reach up to 70% of the potential production in the absence of pest control measures (Haque, 
1991; Thirasack, 2001). Farmers use pesticides indiscriminately to save the crops from insect 
pests which has been responsible for crop failure in different countries due to development of  
insect pest resistance (Naik et al., 1993; Razaq et al., 2006) and emergence of new pests 
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(Soomro et al., 2001) as well as creating health hazards to human and animals. Pesticides are 
huge source of environmental pollution and reduction in population of predators to insect 
pests (Etienne et al., 1990, Hosoda et al., 1993). Considerable reduction in the population of 
predators by the application of pesticides has been reported (Younis et al., 2007). 
Some insects may feed only on narrow range of host plant are called as oligophagous 
pests. Whereas, some insect can feed on a wide range of host plants are called as 
polyphagous.  Insect pests of cotton are categorized into sucking insect pests (whitefly, thrip, 
aphid, jassid and mites) and chewing insect pests (American bollworm, pink bollworm, 
spotted bollworms and army bollworms) on the basis of their feeding habits. They feed on 
flowers, buds leaves and reproductive parts of plant. Major sucking insect pest infestation to 
plant occurs during vegetative growth (Shuaib et al., 2008). 
The extent of host plant resistance to insect pests varies due to many factors like 
morphological traits, physiological features and biochemical characteristics of plant (Ponti, 
1977) which exert pressure for insects to select the plant as host (Painter, 1951). Plant 
morphological and anatomical features like plant color, frego bract type, okra leaf type, hairs 
and spines on leaves/ petioles/ stem, deposition of waxes, lignifications of cell wall, 
sturdiness of tissue etc., alone or in combination influence feeding preferences of insect pest 
on host plant (Painter, 1951; Maxwell, 1977; Taiz and Zeiger 1990; Silva et al., 2008). 
Varietal resistance of variable strength against insect pests has been reported by a number of 
researchers (Wilson and George, 1982; Ullah et al., 1985; Chaudhry and Arshad, 1989; 
Butter and Vir, 1989; Ahmad et al., 2003; Syed et al., 2003; Chu et al., 2003; Aslam et al., 
2004; Goussain et al., 2005; Pathan, et al., 2007; Amjad and Aheer, 2007; Inbar and Gerling, 
2008; Ashfaq et al., 2010; Shahid et al., 2012). 
2.1. Sucking insect pest of cotton 
There are number of insects that suck cell sap called as sucking insects (Figure2.1). They are 
harmful especially during early growth phase of cotton plant. Important sucking insect/pest 
of cotton in Pakistan are thrip (Thrips tabacii), jassid (Amrasca devastans), white fly 
(Bem isia tabacii), mites (Tetranychus spp) and aphids (Aphis gossypii). They multiply 
and survive on vegetables and other hosts in the absence of cotton crop. These sucking insect 
pests rasp the plant cell sap causing nutrient deficiency in plant. They also inject that inhibit 
photosynthetic activity resulting stunted growth and reduced production. 
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Figure 2.1.     Sucking insect pests of cotton. 
Source; (https://www.google.com.pk/) 
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Thrips are considered as important insect pest of cotton crop (Jenser and Szenasi, 
2004). These are very small ranging from1-1.5mm.The wings are narrow and long having 
border of hairs. They are of many colors depending upon their species ranging from straw 
color, yellowish brown and black to yellow. Eggs are usually 0.25mm long and 0.1mm in 
width. The color of eggs is white in the beginning and later is turned into yellow. Larvae are 
oblong slender shape resembling lice. Larva is very small ranging from 0.5 -1.2mm with 
sharp sucking mouth parts. They resemble with adults except that they are wingless. Pupae 
stage of thrips is inactive and harmless. Though, thrips are sucking insect pests like jassid but 
their mouth parts differ from aphid, in many details (Painter, 1951). These tiny insects make 
a small hole through a single epidermis cell and suck sap only from few cells near the hole 
with mouth parts (Barnhart, 1943). Mostly, they feed on parenchymatous tissues, remove 
chlorophyll; the tissues turn brown and ultimately dry up in case of profound damage 
(Maxwell and Jenning, 1979). 
It is reported that thrips have emerged as major pest in subcontinent due to the 
excessive use of pesticides (Ali et al., 1993) and its severity increased with the  introduction 
of Bt cotton (Fiaz et al., 2012). Thrips are one of serious sucking insect pests that cause 
severe damage to cotton seedlings (David, 1958). Its infestation changes leaf color causing 
leaf shedding (Munro, 1987) and destroys young buds (Boumier, 1994). Cotton plant is 
vulnerable to thrips attack during early phase of growth (David, 1958; Herbert, 2012), 
flowering (Gonzalez and Wilson, 1982) and vegetative stage of plant. Growing points and 
leaves are mostly affected. Its attack is responsible for falling of square thus reducing 
production significantly. Maximum population of thrips as18.41per leaf was noticed by (Arif 
et al., 2006) in the months of August (24th of August 2003) followed by 8.17 per leaf on 25 
September 2003 and 7.26 per leaf on 30th of July 2003. Leghari et al. (2001) reported that 
thrips infestation reached to the threshold level from first week of July to third week of July. 
Different peaks of thrips population at different periods were also noticed by (Baloch et al., 
1982; Arif et al., 2006; Khan et al., 2008). Rapid increase in thrips population was reported 
from 27th June to 11th July and then decreased sharply till 8th August (Nizmani et al., 2002). 
Shahid et al. (2012) observed maximum population of thrips (31±1.15per /leaf) in June.  
Jassid is cosmopolitan in its distribution. It is of slender shape ranging from 0.5 -1.4 
inches in length. Its color varies from bright, green to brown depending upon the species. 
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Female lays eggs singly or in a few numbers.  The eggs are 0.7 to 0.9 mm in length and 0.15 
to 0.2mm in width. These small eggs are inserted in plant tissues like soft and tender stem, 
large veins on both sides of leaves, mid rib and petiole. Nymph and adults are damaging 
stages of insect. The nymph of this insect is yellowish green in color with flattened body and 
run sideways. Mostly they are restricted to underside of leaves. Adults have membranous 
wings, approximately 2.5 mm long. Adult jassid are chunk in shape, stretched with pale 
green body. They are very active and can hop and fly. It completes a generation in three to 
four weeks. 
Like other sucking insects it rasps the plant cell sap, introducing toxins that inhibit 
photosynthesis. The toxin is injected into leaves which cause burns, cupping/curling inward 
and fall off. Severe infestation results in stunted growth of plant. Cotton production is 
drastically reduced due to stunted growth and premature shedding of leaves, bolls and flower 
buds (Mahmood et al., 1988). Jassid infestation starts early in the crop season and persist 
throughout season. It emerged as serious insect on G. hirsutum in early 20th century (Pedigo, 
1988). It is extremely harmful rasping insect pest of cotton in Pakistan (Arshad and Suhail, 
2010). It is active during the month of July and August (Thapa and Basant, 2008). Maximum 
population (3.33±0.33/leaf) of jassid was noticed in October, and prevailed through the 
month of August (Shahid et al., 2012), while the infestation exceeded threshold level during 
July and August (Nizmani et al., 2002). Like other sucking insect pests, maximum 
population of this insect is observed during vegetative phase of cotton plant (Thapa and 
Basant, 2008) due to succulence of plant tissues. 
White fly is a tiny insect. Adults are 1.00 to 1.05mm long while female is slightly 
longer than male ranging from 1.1-1.2 mm. They are yellowish in color with pure white 
wings. This insect causes damage to cotton crop at the stage of nymph and adult. Nymph and 
adult rasp cell sap from the leaves. Its attack also hinders in photosynthetic activity due to the 
sugary secretion called honeydew (Lin et al., 1999) that favours development of sooty 
moulds on upper surface of leaf resulting in stunted growth, pathogenic transmission and 
reduced yield (Alexander et al., 2004; Inbar and Gerling, 2008). Sticky cotton is result of 
white fly infestation which hinders in cotton processing and reduces quality of cotton.  
White fly population remains in cotton fields throughout cotton growing season. 
However, maximum damage to cotton by the insect has been reported in August to 
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September depending upon environmental conditions (Shahid et al., 2012) while Shuaib et 
al. (2008) noticed maximum population of white fly in third week of July. Jones (2003) has 
reported that whitefly also serves as vector for more than 100 plant viruses’ specifically 
Begomovirus (Geminiviridae), Crinivirus (Closteroviridae) and Pomovirus (Potyridae).  
White fly is found to play vital role in the spread of deadly cotton leaf curl virus disease in 
Pakistan (Malik et al., 1999). 
Mites are very small and their length is approximately 0.31mm. Their colors vary 
from green to red depending upon species. Mites are polyphagous insect and feed on multiple 
plant hosts. Mite infestation occurs during any phase of plant growth and development  
(Sterling et al., 1989). Mites infestation can be noticed on the underside of leaves. 
Reddening, tanning, yellowing and eventually desiccation of the leaves are common 
symptoms of mite attack (Boyed et al., 2004). Losses due to spider mite infestation usually 
occur due to leakage of cellular contents, reducing boll size and affecting many seed and lint 
traits (Canerday et al., 1964). Its infestation reduces oil contents in cotton seed (Sadras and 
Wilson, 1996). Mites cause damage to plant by sucking sap and removal of cellular contents 
as well as by injecting phytotoxin substances into plant tissues (Sterling et al., 1989). The 
insect completes life cycles in 4 to 14 days while compound generation occurs on cotton.  
Mite infestation is highest during hot and dry weather conditions, however heavy rainfall 
reduces population to great extent (Canerday et al., 1964). Dry conditions favour growth and 
multiplication of tetranychus species (Herbert, 2012). Maximum population of mites is 
observed during May and June (Shahid et al., 2012). Varietal resistance against tetranychus 
species in cotton genotypes tailored with okra leaf trait has been obse rved (Sadras and 
Wilson, 1996). Similarly, Red leaf cotton also shows considerable resistance against mites 
(S yed et al., 2003). 
Aphid is an important pest of cotton. Adult aphids are 2-3 mm in length. Aphid and 
its nymph penetrate through the plant tissues and suck phloem sap (Stewart, 2005). The 
secretion is produced from the anus of insect during feeding is called as honeydew. This 
sugary honeydew favours growth of sooty moulds producing black color on leaves (Rondon 
et al., 2005). This sugary excretion of aphid attracts other insects like mealy bug, white fly 
and scales. Steamy lint is also the result of aphid infestation (Slosser et al., 2002). Sugary 
secretions of aphid obstruct photosynthetic activity of plant as well. Wool and Hales (1996) 
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reports that cotton aphid population establishes at the stage when first true leaf is still unfold 
(when only cotyledons are fully expanded).  Cotton aphid mostly establish their colony 
underside the leaf sucking sap rich in nutrients causing foliage chlorotic and premature death 
(Leigh et al., 1996). Aphid attacks plant at almost all the stages (seedling, vegetative and 
flowering). Mature aphids are 4 mm in length.  Both winged and wingless insects having two 
antenna and varying in body color from brown, black white,  grayish, yellow, pink, and 
purple. Female aphid may borne wingless offspring or lay eggs. Female aphid produces small 
nymph, in warmer areas of world instead of laying eggs.  
2.2. Chewing insect pest of cotton 
Bollworms (Figure 2.2) are major chewing insect pest of cotton. Larvae of these insect pests 
eat leaves, buds, square, and flowers and damage bolls. Important bollworms of cotton in 
Pakistan are spotted bollworm (Erias insulana, Erias vitella), pink bollworm (Pectinphora 
gossypiella) and American bollworm (Helicoverpa armigera). 
Both species of spotted bollworm are widely distributed throughout the cotton 
growing areas of the world. Adult moths are 12 mm long. They have spots or lines on their 
wings so called as spotted bollworms. The hind wings and abdomen of the insect are silver to 
creamy. Their eggs are spherical in shape and light blue green in color. The size of egg is less 
than 0.5mm. Eggs are laid singly on different parts of cotton plant like flower bud, 
bracteoles, peduncles and juvenile shoots. The pupae of the insect are of light to dark brown 
color about 13mm length. A pupa is enclosed in tough silk of light brown color named as 
cocoon. The cocoons are usually attached to different plant parts or plant debris. The size of 
its larvae is about 1.3 to 1.8cm. It is fleshy, spindle shaped and segmented. The life cycle of 
the insect is completed in about five weeks. Spotted bollworm is a serious insect pest of 
cotton. It infests shoots, squares, flowers and green bolls (Ahmad et al., 2003; Gulzar et al., 
2003; Aslam et al., 2004). 
Pink bollworm attack was first noticed in India in 1843 (Noble, 1969) and in USA in 1917 
(Pedigo, 1988 and Naranjo et al., 2001). It affects buds causing them to remain closed and 
result in shedding. It also penetrates into developing seed reduces boll weight and lint 
considerably. It completes first generation in flower and buds and additional generation on 
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Larva                                                                         Moth 
  
Spotted bollworm 
  
Pink bollworm 
  
American bollworm 
Figure 2.2.  Chewing insect pests of cotton. 
Source; (https://www.google.com.pk/) 
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seed inside the bolls leading to economic damage in term of lint destruction (Naranjo and 
Ellsworth, 2010). Adult insect is about 13 mm across its expanded wings. It has three dark 
bands. Its fore wings have dark patches. There is border of hair like scale on smoky hind 
wings. The eggs of the insect are usually round and green in color. The color of eggs 
becomes dark before hatching. The pink bollworm moths are active at night. The female 
moth lays eggs on squares, close to or upon green bolls (Painter, 1951; Slosser and Watson, 
1972). Positive correlation is reported between number of larvae and boll infestation 
(Buochelos et al., 1999; Hennebberry and Clayton, 1982). Maximum pink bollworm 
infestation is observed in cotton during August and September (Unlu and Ozturk, 2007).  
American bollworm  infestation in Pakistan was first noticed in district Muzaffargarh, 
Punjab in 1965 and detected again in district Depalpur, Punjab in 1972 (Ahmad, 2004). It 
emerged as serious threat in the country in 1980s. The larvae mostly damage squares, 
followed by flowers and bolls; however in some cases more flowers are damaged compared 
to squares (Kumar and Thontadarya, 1980; Kumar and Saini, 2008). The infestation and 
damage in late season significantly reduce yield by decreasing boll number and boll weight 
(Wilson and Bishop, 1982). The female lays eggs on upper parts of the plant preferably on 
leaves (Tripathy and Sharma, 1985). American bollworm can move to distant places, it is 
documented that it moved to United Kingdom from Africa and Southern Europe via wind 
covering the distance of 1000 km (Pedgley, 1985). It is noticed that its population is 
increased from June to August (Han, 2000). 
2.3. Drought stress and insect pest population 
Environmental conditions (external and internal) like temperature, moisture contents, light 
intensity, CO2 concentration alter biological processes of plant (Jenks and Hasegwa, 2005) 
hence affect insect pest population buildup (Khan et al., 2008). Insect pest infestation in 
relation to relative water contents of plant has also been reported (Kuepper, 2004; Vickers 
2011). Insect pest population build up is affected by the moisture contents of leaves, squares, 
flowers and bolls because plant water balance affects cell sap composition and contributes 
toward resistance or susceptibility to insect pest (Mumford and Hey, 1930; Mumford, 1931; 
Cornelissen and Fernandes, 2001). It has been reported that spider mites like to feed on the 
leaves of cotton plant of well irrigated conditions (Sadras et al., 1998). However, it is also 
observed that aphids, mites, and thrips infestation increases on cotton in dry environments, 
whereas, ample amount of water reduces their infestation but bollworms and jassid attack is 
increased due to succulence of leaf (Shumtterer, 1969; Kuepper, 2004). Increase in white fly 
  
26 
 
population on cotton with rainfall has been reported (Jalal et al., 2006; Ashfaq et al., 2010). 
Similarly, Shuaib et al. (2008) and Ashfaq et al. (2010) reported increase in jassid population 
on cotton with rainfall. There is no report of drought effect on insect pest build up in cotton 
using the genotypes with okra leaf, red leaf and frego bract trait. 
2.4. Host plant resistance against insect pests 
The response of plant to insect pests attack is very intricate and involves traits that permit 
plants to escape, defend or tolerate insect invasion (Rausher, 1992). Plant employs different 
morphological and bio-chemical defenses to cope with insect invasion. Insect resistance 
refers to consequences of heritable plant qualities that result in less damage to plant than a 
plant without those qualities (Pedigo, 1988). From evolutionary point of view, these traits are 
pre-adaptation that allow the plant to overwhelm the pressure of insect pest and thus escalate 
the chance of survival and multiplication. In fact, insect resistance alters insect plant 
relationship (Teetes, 2009). Hence insect pests resistant variety yields more compared to an 
insect susceptible one (Acquaah, 2007). So varietal resistance is considered important in 
effective control against insect pest (Hua and Hua, 2001; Khan et al., 2003). 
Resistance mechanisms in crop plant may be divided into constitutive and induced 
(Traw and Dawson, 2002; Karban and Agarwal, 2002). These are categorized into 
antixenosis, antibiosis and tolerance (Painter, 1951; Pedigo, 1988). Antixenosis and 
antibiosis component of resistance were studied by many researchers (Klinger et al., 2005; 
Montano et al., 2006; Kumar et al., 2007;  Teetes, 2009; Bernklau et al., 2010; Herbert, 
2012) and found effective. Antixenosis resistance mechanism is employed by a plant to deter 
pest colonization which appears in the plant via morphological or allelochmical 
characteristics, transform pest behavior in such a way that pest may not colonize on plant. It 
affects oviposition, food as well as shelter to insect. It may be physical barrier like cuticle 
thickness, trichomes, wax deposition and smooth leaf. In cotton, for example, it has been 
noticed that blend of volatile organic compound are released by plant to repels plant 
herbivores. Antibiosis refers to adversative effects employed by the host plant on the 
metabolic processes and biology of insects (Pedigo, 1988). Allochemicals are often 
associated with antibiosis, for example cyclic hydroxamic acid in corn, gossypol glands in 
cotton and steroidal glycosides in potato (Pedigo, 1988).  
2.5. Biochemical bases of insect pest resistance  
There are many substances produced within plants which are associated with insect 
resistance. These are silica contents, benzyle alcohol, phenolic compounds, tannin contents, 
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saponine, ethanol soluble compounds, isoprenoids, 2,4-dihydroxy-7-methoxy-2H-1, 
acetogenins, aromatic compounds, acetates, alkaloids, protease and glycosides. These 
chemical compounds act as strong repellant and feeding inhibitors to insects or toxic to 
insects (Dent, 2005). These metabolites only serve as defense mechanism and are not 
required for growth and other biological procedures.  
In cotton, gossypol glands are important biochemical substance that confers 
resistance to many insects including bollworms (Parrot, 1990). Gossypol glands are yellow 
pigmented polyphenolic compound in cotton plant. It is present in the leaves of cotton plant 
and act as deterrent to certain cotton insect pest however, is attractant to boll weevil (Painter, 
1951; Maxwell and Jennings, 1979). It has been reported that cotton cultivar with dense 
gossypol glands are efficient in reducing damage by Apolygus lucorum (Feng-min et al., 
2010). Maximum population of jassid was observed on gossypol free variety, Greg-25V 
(Syed et al., 2003). Young larvae of Heliothis species like to feed along the margin of calyx 
crown of cotton square. This part of calyx crown is devoid of gossypol glands. Lower 
numbers of larvae are found on densely glanded cotton cultivars compared to glandless 
cultivars (Parrot et al., 1989). It is also reported that square with high gossypol gland reduced 
the survival of bollworm larvae (Oliver et al., 1971; Lukefhar et al., 1975). 
Anthocynin pigments produce color in flowers, fruits, young and aging leaves. These 
pigments attract or repel insects (Bohm, 1998). It is reported that anthocynin pigments 
enhance resistance against insects (Coley and Kursar, 1996). Glands on leaves and floral 
bracts in cotton plant produce nectar. Pink bollworms feed on these nectarines in cotton 
before flowers are produced. The genotypes without nectar show resistance against this pest. 
Lower pink bollworm population has been noticed on nectariless cotton genotypes (Wilson et 
al., 1991). Maafo and Wilson, (1983) reported that nectariless cotton genotype were less 
attractive to insect pests compared to the genotype with nectarines. So pesticide application 
needed to control pink bollworm on nectariless cotton genotype was comparatively low 
(Wilson et al., 1991). 
2.6. Morphological basis of insect pest resistance 
Morphological basis of resistance includes remote factors, anatomical features, and surface 
and sub-surface factors. These morphological factors that act as physical barrier to pest 
locomotory mechanism, selection of host plant, feeding, mating and ovipositions are leaf 
shape, bract type, leaf color long pedicel, hairiness, nectariless, leaf type, surface waxes, 
silication of tissues, cuticle thickness, toughness and hardness of tissues (Maxwell and 
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Jennings, 1979; Fitt et al., 2002). It has been reported that plant shape and color act as remote 
factor to repel or attract aphid (Dent, 2005). Cuticle waxes and pubescence are important 
surface factors that hinder insect feeding (Dent, 2005).  
On the basis of hairs, leaves can be categorised into hairiness and glabrous depending 
upon number of hair per unit area of leaves. If hairs are present in abundance it is called as 
velvet hairiness, absence of hair is termed as smooth or glabrous. Hair density, hair length 
and chemical that exude from hair have been reported to have variable resistance against 
insect pests (Lee, 1985; Meaghar et al., 1997). It has been reported that insects like aphid and 
jassid do not prefer hairy cotton genotypes (Jenkin, 1989; Watson, 1989). Hairiness of leaves 
is reported as associated with resistance to sucking insects like jassid and aphid while 
glabrous cultivars confer resistance to Heliothis species and white fly (Dent, 2005). 
Relatively higher mite infestation has been reported on hairy cultivars (Syed et al., 2003). 
The negative correlation of thrip population with hair density and gossypol gla nds was 
reported by Raza, (2000) and Arif et al. (2006). Lower numbers of thrips were observed on 
hairy cotton variety (Syed et al., 2003).  Lukefahr et al. (1975) and Wilson and Wilson 
(1976) observed that glabrous leaves cultivars were less preferred by Heliothis species. 
Higher population of white fly and lower population of jassid on cotton variety Rajhastan 
was attributed to its hair density (Syed et al., 2003). Butler (1986) reported positive 
correlation of white fly population with hair density and leaf thickness. 
Cotton genotypes with thick lamina, thick and tough boll rind show resistance against 
jassid and bollworms respectively are example of sub surface resistant factors. Other sub-
surface resistant factors are lignifications of cell wall and thickness of cuticle as a result of 
deposition of different substances like lignin, cutin, alkaloid, phenolic compounds, waxes etc. 
(Wang and Pinckard, 1973). 
Okra leaf type trait in cotton is a leaf shape resembles to okra leaf. Okra leaf type is 
characterized by altered leaf morphology which has deeply cleft, narrowly inward lobed, 
minimizing leaf surface area (Andries et al., 1971 and Wilson, 1986) compared to normal 
leaf. However, positive association of rate of photosynthesis with okra leaf is reported by 
Gonias et al., 2006; Zhu et al., 2008. It is observed that carbon exchange rate in a single leaf 
and dry matter production in both normal and okra leaf type is same but energy use 
efficiency in okra leaf is higher (2.638g MJ-1) compared to normal leaf (1.897g MJ-1) which 
is due to light interception features (Oosterhuis, 2008). Pettigrew et al. (1993) found that 
okra leaf type plants had higher rate of photosynthetic activity per unit area of leaf. 
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According to Pettigrew et al. (1993) rate of photosynthesis is an important criterion for 
breeder to select productive genotypes. Pettigrew (2004) investigated the photosynthetic 
response in 8 cotton genotypes, and reported higher photosynthetic rate in okra leaf 
genotypes compared to normal leaf. This increased rate of photosynthesis was attributed to 
higher of chlorophyll contents per unit area of leaf (Heithholt, 1994). Positive association of 
number of sympodial branches, boll weight, number of bolls per plant and seed cotton yield 
with okra leaf has been reported by Wells and Meredith, 1986; Meredith and Wells 1987. 
The increased yield in okra leaf genotypes was correlated to more number of flowers 
produced (Stiller et al., 2004). Pettigrew (2004) reported that okra leaf types had less seed 
cotton yield compared to normal leaf cotton. While Rehman et al. (2005) and Ullao, (2006) 
reported that cotton genotypes tailored with okra leaf type had potential to produce high lint 
yield and fibre quality. 
This leaf shape is an imperative trait affecting some vital plant characteristics like 
exposed canopy structure and photosynthetic parameters,  production of more flowers, early 
maturity, adaptation to dry conditions and resistance to white fly, pink bollworms and boll 
weevil (Auld, 2007). It was reported that seed damage in okra leaf type cotton due to pink 
bollworm infestation was considerably low and was comparable to normal leaf type cotton in 
agronomic properties except that 8% less lint yield (Wilson and George, 1982). Improved 
effects of pesticides application were observed as okra leaf type genotypes due to exposed 
canopy (James and Jones, 1985; Auld, 2007). Okra accessions were reported to produce 
higher yield due to resistance against white fly and boll rot due to better flow of air, and light 
access to lower parts of plant (Pettigrew, 2003). According to Nawab et al. (2011), okra leaf 
type showed non-preference type of resistance against insect pests without having any 
negative effect on yield and quality parameters. Oviposition behavior of Creontiades 
signatus on okra leaf and normal leaf genotypes investigation in free choice test, the pest 
showed substantial preference for normal leaf and received three times more number of eggs 
compared to okra leaf type (Armstrong et al., 2009). 
Chu et al. (1999) proposed that okra leaf type in cotton had significant potential for 
breeding cotton cultivars due to resistance against white fly. Under light spray conditions, 
genotypes with genes of okra leaf type and nectariless were associated with high yield 
whereas, same genotypes were consistently associated with low yield in heavy spray 
conditions (Thomson et al., 1987). It is reported that okra leaf type cotton also offers 
reasonable resistance against pink bollworm (Wilson, 1986). Resistance against mites, 
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American bollworm as well as pink bollworm was observed in okra leaf type cotton by 
Wilson, (1994) and Wilson and George, (1982). Resistance to white fly was observed in 
cultivars with okra leaf shape and low leaf hair density (Sippell et al., 1987). Wilson (1989) 
reported that okra leaf type and nectariless genotype needed 33% less pesticides application. 
Soomro et al. (1998) reported that okra leaf type accession showed 21.1 % less boll rot, early 
boll formation and boll opening compared to normal leaf. Neto et al. (2005) also reported 
40% lower boll damage by boll weevil in genotypes with combination of okra leaf type and 
frego bract. A single gene with multi allelic series, control shape of leaf in cotton (Jones, 
1982). Endrizzi et al. (1984) also reported okra leaf type trait in cotton as monogenic. 
Bract in cotton is the set of small leaf like structures surrounding flower bud, flower and boll. 
There is a considerable variation in flower bract size and shape. Normal bracts are wide and 
larger, close to boll providing shelter to insects, however, frego bract is thin twisted and 
moves away from boll uncovering it completely and thus do not protect eggs of insect pests 
so confers resistance to genotypes against insect pest like bollworms and boll weevils (Aslam 
et al., 2000; Rahman et al., 2008). Surface area of bract is significantly reduced resulting in 
low boll rot occurrence and does not offer no shelter to larvae of bollworms (Jones and 
Andries et al., 1969 and Bhat and Basu, 1984). Bollworms do not prefer to lay eggs on frego 
bract genotypes (Bhat and Jayaswal, 1989; Baloch et al., 2001) hence restrict build up of 
insect population. However, Teague et al. (2010) reported that cotton genotypes with mutant 
frego bract trait were highly susceptible to Lygus (Lygus lineolari). Michelotto et al. (2007) 
compared frego bract genotype with normal bract genotype. Data for damaged anthers were 
recorded. The data exhibited significantly higher damage by bug in frego bract genotype 
compared to normal bract genotypes.  
There are some reports in literature, which reflects frego bract type genotypes as less 
productive (May and DuRant, 1998) because of lower boll bearing, extended period of 
flower to boll,  relatively low rate of photosynthesis as well lower fibre quality (Thomson et 
al., 1987 and Singh, 2004). However, according to a recent report, weight per boll, lint 
percentage, photosynthetic rate and fibre quality of frego bract cotton genotypes were similar 
to that of normal bract genotypes (Malik et al., 2009). Similarly, Rahman et al. (2008) 
reported  positive association of frego bract with fibre strength.  Frego bract genotypes were 
found resistant because boll weevil oviposition was suppressed on frego bract genotypes 
compared to normal bract genotypes (Jenkins and Parrot, 1971). Weaver and Reddy (1977) 
reported that cotton varieties, developed with the trait frego bract were competitive in 
  
31 
 
production and quality parameter. Jenkins and Parrot (1971) also reported that frego bract 
genotypes were satisfactory in fibre properties and yield. Smith (2001) developed a frego 
bract line (TAM91-104FG) which produced finer, longer and stronger fibre compared to 
commercial Stonevile cultivar. An experiment was designed to assess relationship of bracts 
with bollworm damage. The results exhibited that the damage positively correlated with bract 
size (length and width), showing high damage to those bolls which were shielded entirely by 
bract (Indrayani and Sumatini, 2007). It was observed that the damage was 34.71% lower in 
frego bract genotype alone and 40% lower in combination with okra leaf type character (Neto 
et al., 2005). The gene for frego bract segregates independently in relation to other 
agronomic traits in cotton so productive frego bract genotypes may easily be developed 
(Rahman et al., 2008). The trait is monogenic, controlled by recessive allele (Maxwell and 
Jenning, 1979; Rahman et al., 2008).  The locous for the trait has been found on chromosome 
3 (Smith and Cothren, 1999). 
It is reported that red color is developed by plant as defensive mechanism against 
aphid (Hamilton and Brown, 2001). Cotton plant having red leaf color has shown less foliage 
damage than normal leaf green color (Jones et al., 2000). An experiment with choice and no 
choice was conducted in greenhouse. It was observed that red plant color was less attractive 
and less preferred for oviposition compared to normal green plant (Neto et al., 2008). Red 
leaf color was found to confer measureable resistance against many insect pests like boll 
weevil, cotton bollworms and sucking insects like white flies (Jones et al., 1978; Frisbie et 
al., 1994). According to Huffaker and Croft, (1976) red color provides resistance to boll 
weevil but not to Heliothis complex. However, It has been reported that red color cotton 
plant produce lower yield compare to green color plant (Karami and Weaver, 1971). But 
Weaver and reddy (1977) reported that the cultivars developed with red leaf and frego bract 
traits were comparable in yield and quality parameters to normal bract and green color cotton 
plants. Turcotte and Feaster (1975) observed no negative effect of red leaf color on seed 
index, fibre length, fibre strength and fibre elongation while the trait had negative effect on 
boll size, lint percentage fibre fineness and lint yield. Zhou et al. (2009) has reported that red 
plant/leaf color is a qualitative trait that is controlled by incomplete dominant gene so 
tailoring cotton genotypes with red leaf color may not be difficult.  
Comparisons of insect/pest population build up on genotypes/cultivars with the traits, 
okra leaf, frego bract and red leaf cotton have been made in earlier studies. However, field 
studies by separating the experimental plots by nets so that the insects may not migrate to 
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neighboring plots of other genotypes have been rarely undertaken in previous reports. There 
is a huge problem of sucking insect pests along with lepidopteron pests in cotton production 
in India, China and Pakistan. These countries are among the four largest producers of cotton.  
It is perception among the cotton breeders of these countries that the genotypes with the 
traits, okra leaf, red leaf color and frego bract do not have significant ly lower insect pest 
attack compared to the genotypes without these traits. They also think that these traits have 
linkage with relatively inferior agronomic traits (personal communication). So in these 
countries, no variety with any of these traits has been developed.  Bt cotton is only resistant to 
lepidopteron insect pest. Bt cotton variety with these traits may be developed which would 
have resistance against sucking insect pest as well. There is need to make precise comparison 
of cotton genotypes having these traits with other cotton genotypes and to study linkage 
relationship of these traits with agronomic traits.  
2.7. Insect pest and Bt cotton 
Transgenic Bt cotton shows resistance against the larvae of bollworms (Gianessi et al., 2002; 
Torres and Ruberson, 2006). Although Bt cotton has drastically declined pesticides 
application (Wu and Guo, 2005) due to its effectiveness against bollworms (Jamshed et al., 
2008) but it is absolutely ineffective against sucking insect pests like thrips, white fly, jassid 
and mites (Flint et al., 1995; Armstrong et al., 2003). Due to susceptibility of  Bt cotton to 
sucking insects pests higher number of sucking insect pests have been observed on Bt cotton 
fields compared to non Bt cotton fields (Jie and Yuan, 1998) and has  resulted in the 
emergence of these insect as major pests (Xu et al., 2008). However, Sharma and 
Pampapathy (2006) have reported that there was no difference in population of sucking 
insect pests on Bt and non-Bt cotton. If the traits, red leaf color, frego bract, and okra leaf 
color are introduced to Bt cotton, the problem of sucking insect may also be overcome. 
2.8. Integrated pest management 
Chemical control of insect pest is easy but it has pronounced harmful effect on environment 
and other non-target organisms. Durable prevention of damage to crops by insect pest may be 
undertaken through a combination of techniques such as biological control, habitat 
manipulation, modifications of cultural practices, and use of resistant varieties (Maxwell and 
Jenning 1979; Widholm et al., 2010). Biological control includes reduction of insect pests 
under economic injury level by using predators, parasite and pathogens (Nile, 1982). For 
example, Trichogrammatidae bactrae may be used to control pink bollworm (Malik, 2001).  
Biological control also involves releasing sterile male insect pests in the field or trapping 
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them using pheromones. Cultural practices, involve, the crop rotations, inter cropping, crop 
residue and non-crop vegetations. It has been reported that water shortage/dry conditions 
favours the population build up of mites, thrips and aphid (Schumutterer, 1969 and Kuepper,  
2004). Wahla, et al. (1996) have reported that rainfall decreases thrips population in cotton 
field. Whereas, positive correlation of thrip population build up with rainfall was reported by 
Khan and Ullah 1994; Khan et al., 2008). Similarly, Ashfaq et al. (2010) and Jalal et al. 
(2006) reported that rainfall enhanced population build up of white fly. It has been also 
reported that jassid population is increased with rainfall (Shuaib et al., 2008). However, 
Afzal and Ghani, (1948) reported that resistance of cotton genotypes against jassid species  E. 
devastans was due to the presence of high water contents in plant tissues and tougher veins. 
So water management in the field may be useful in keeping insect pest population under 
economic injury level. Genotype/cultivars tailored with insect resistant traits (okra leaf 
cotton, frego bract, red leaf color, nectariless, gossypol glands and hairiness) yield better 
level of varietal resistance against insect pests ((Pedigo, 1988). 
2.9. Gene action, heritability and correlation of agronomic traits 
Generation means analysis and diallel statistical procedures are commonly used for the 
measurement of genetic effects. Generation means analysis, developed by Mather and Jink 
(1982) is a powerful technique to analyze breeding material for genetic effects such as 
additive, dominance and epistasis has been used by a number of researchers in different crop 
plants like wheat (Malik and Wright, 1997; Devojkovik et al., 2010), Cotton (Natera et al., 
2007; Ahmad et al., 2009; Haleem et al., 2010), tomato (Zdravkovic et al., 2011), Linseed 
(Gauraha and Rao, 2011). The information on gene action, heritability and linkage of 
agronomic traits is important to breed productive crop cultivars. Intensive studies regarding 
gene action of agronomic traits in cotton are undertaken (Gomma et al., 1999; Bertine et al., 
2001; Mehetre et al., 2003; Ramalingam 2003; Channa et al., 2006; Percy et al., 2006; Ullao  
2006; Ahuja and Dhyial 2007; Desalgen et al., 2009; Khan et al., 2010; Iqbal et al., 2011; 
Wang et al.,2014; Dhivya et al., 2014). Additive type of gene action for various agronomic  
traits (Mukhtar et al., 2000; Bertini, et al., 2001; Singh and Chahal, 2006; Kiani et al., 2007; 
Khan et al,, 2009) additive and dominance (Kalsy and Grag 1988; McCarty et al., 1996; 
Basal and Turgut 2005; Murtaza, 2005; Ali and Khan 2007; Soomro et al., 2008; Khan et al., 
2011) and interactions (Singh et al., 1985; Tuteja et al., 1996; Dheva et al., 2002; Mert et al., 
2003; Ahuja and Dhyial, 2007; Ilyas et al., 2007; Panhwar et al., 2008; Natera et al., 2012) 
have been reported. Different gene action for the same traits has been reported which 
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indicates that gene action is greatly influenced by genetic background of experimental 
material used. Although genetic analysis of agronomic traits have been undertaken in cotton 
but  there is no report of gene action in cotton using genotypes with okra leaf, red leaf color 
or frego bract traits. So to study the gene action of agronomic traits using genotypes with 
these traits would be helpful to plan breeding program for evolving okra leaf, frego bract and 
red leaf cotton cultivars. 
High estimates of heritability for agronomic traits in cotton (Sigmongulyan and 
Kosba, 1975; Vyahalkar et al., 1984; Carvalho et al., 1995; Jagtap and Mehetre 1998; 
Saravanan et al., 2003; Bebag and Jenser 2004; Killi et al., 2005; Khan et al., 2007;  Pareetha 
and Raveendran, 2007; Rahman et al., 2008; Desalegn et al., 2009; Khan et al., 2010) as well 
as low heritability estimates (Meyers and Bordelon 1995; Murtaza, 2005; Ali et al., 2008; 
Gamal et al., 2009) have been reported. Earlier results show that heritability estimates for the 
same trait varies in different genetic material. Heritability estimates using the genotypes with 
okra leaf, frego bract and red leaf cotton have not been observed. 
Intensive study on correlation of agronomic traits in cotton are reported  (Tyagi 1987; Stange 
et al., 2000; Ullao and Meredith 2002; Kaushik et al., 2003; Herring et al., 2004; Mei et al., 
2004; Ying and Jun 2004; Ahuja et al., 2006; Gite et al., 2006; Zeng et al., 2007; Zhu et al., 
2007; Karademir et al., 2009; Ahuja et al., 2008; Preetha and Raveendran 2008; Qin et al., 
2008; Basal et al., 2009; Ekinci et al., 2009; Malik et al., 2009; AshokeKumar and 
Ravikeswan 2010; Genesan and Raveendran,  2010;  Salahuddin et al., 2010; Saleem et al., 
2011; Feiyu et al., 2012; Wang et al., 2012). Different correlation results between agronomic 
traits are mentioned in the literature. Correlation between two agronomic traits may differ 
due to difference of genetic combinations in the germplasm because of crossing over. 
Correlation of agronomic traits using the genotypes with okra leaf, frego bract or red leaf 
color traits has not been reported. 
. 
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CHAPTER 3 MATERIAL AND METHODS 
 
The seed of cotton genotypes/cultivars used in the experiments was received from the 
department of Plant Breeding and Genetics, University of Agriculture Faisalabad, Ayub 
Agricultural Research Institute, Faisalabad and Central Cotton Research Institute, Multan. 
The experiments were conducted in the experimental area of the department of Plant 
Breeding and Genetics, University of Agriculture Faisalabad. Faisalabad is the city at 184.4 
meter high above sea level, situated at 73.06 longitude and 31. 26 latitude.  
3.1. Experiment: 1 Assessment of insect pest infestation 
The following genotypes/cultivars of G. hirsutum and a cultivar of G. arboreum were grown 
in the field during normal crop growing season (June to November) of 2010, in randomized 
complete block design with three replications to assess insect pests infestation.  
List of genotypes/cultivars evaluated for resistance against different insect pests in field 
condition. 
Sr. No. Genotype/cultivar Description 
1 Russian Red   Genotype with red leaf color 
2 PBG-Fb-5  Genotype with  frego bract  
3 Gumbo Okra Genotype with  okra leaf type 
4 S-12 Cultivar  
5 MNH-93 Cultivar 
6 FH-1000  Cultivar  
7 FH-170 G.  arboreum  cultivar 
 
The experimental plots were separated by fine net to keep the population of insect 
pests built up within a genotype/cultivar. The soil of experimental plots was sandy loam with 
Ph of 7.8. Plant to plant and row to row distance was 30 cm and 75 cm respectively. There 
were 21 rows each of 300 cm length in each replication; three for each genotype/cultivar.   
The observation on insect pest population was taken at interval of ten days beginning 
from 15th of July 2010 to 15th of October 2010. The data were recorded from ten healthy 
plants randomly selected from each genotype/cultivar in a replication. The sucking insects 
(thrip, jassid, white fly, mite and aphid) were examined on per leaf basis. Three leaves per 
plant each from top, middle and bottom were examined for both adult and nymph, using 
magnifying glass. The populations of bollworms (spotted bollworm, pink bollworm and 
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American bollworm) as percentage infested bolls, squares and flowers were counted on per 
plant basis.  
The data for relative water content was recorded twice, seven days after irrigation 
(well water condition) and 30 days after irrigation (water deficit condition). The data for 
relative water contents of fully expanded leaves from middle of plant was recorded from 
selected plants of each genotypes/ cultivar in a replication.  The samples were covered with 
polythene bags immediately after excision and fresh weight was recorded. The leaf samples 
were submerged in water over night and turgid leaf weight was recorded. The samples were 
then dried for 72 hours at room temperature before recording dry weight. Relative water 
content was calculated using formula described by Barrs and Weatherley (1962). 
 
RWC = [(Fresh weight–Dry weight) / (Turgid weight–Dry weight)] x 100 
 
  The data was subjected to analysis of variance and means were separated by applying 
LSD test as in Steel et al. (1997). Data for infestation of different insect pests recorded was 
used to determine simple correlation with insect pest infestation. Simple  correlation 
coefficients were calculated following Dewey and Lu (1959) using Minitab computer 
program. 
3.2. Experiment: 2 Genetic analysis of insect resistant traits  
During the normal growing season of 2009 the seed of genotypes/cultivar were planted in the 
field to produce F1 hybrids. The selfed seed of parents were produced by covering floral buds 
with butter paper bags (transparent paper bag which does not allow to enter pollen but allows 
air to pass hence temperature of the floral bud is not raised.  The seed of parents and half of 
the F1 seed was sown in pots filled with loamy soil in glasshouse in December, 2009 to raise 
parents and hybrid plants for making backcrosses (BC1 and BC2). Some of the F1 hybrids 
were selfed to produce F2 seed. The following is list of crosses/populations developed for 
genetic study. 
 
 
 
Cross Population 
1 FH-1000 x Gumbo okra F1, F2 
 (FH-1000 x Gumbo okra) x FH-1000 BC1 
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 (FH-1000 x Gumbo okra) x Gumbo okra BC2 
2 (FH-1000 x PBG-Fb-5)  F1, F2 
 (FH-1000 x PBG-Fb-5) x FH-1000 BC1 
 (FH-1000 x PBG-Fb-5) x PBG-Fb-5 BC2 
3 Russian Red  x  S-12 F1, F2 
 (Russian Red  x  S-12) x Russian Red BC1 
 (Russian Red  x  S-12) x S-12 BC2 
 
The parent, F1, F2 and backcross populations of each cross were raised in the field during the 
year 2010 as a separate trial. The experiment was laid out following randomized complete 
block design with three replications. 
 There was a single row for each of the parents and F1 in each replication. Whereas, 
three rows of each backcross and five rows for F2 generation were raised. Row length, plant 
to plant and row to row distance was 300cm, 30cm, and 75cm respectively. Guarded plants 
were selected for data collection. At maturity 30 plants were selected for each of parents and 
hybrid in each cross, 60 plants from each of the backcross population in the cross1 and in the 
cross2 while 33 plants from the cross 3. In the F2 population 129,129 and 114 plants were 
selected from the cross1, cross2 and cross3 respectively. The data of the selected plants were 
recorded for the following traits.  
3.2.1. Okra leaf type 
Cotton leaf is characterized by narrowly lobed and deeply cleft called as okra leaf, whereas 
intermediate state of okra and normal leaf is called semi-okra. Okra leaves, semi okra and 
normal leaves were scored as 1, 2 and 3 respectively.  
3.2.2. Bract type  
Thin, twisted and long bracts (frego bract) around the floral bud were scored as 1 and the 
normal bracts were scored as 2.   
3.2.3. Red leaf color 
Red leaves, light red leaves and green leaves were scored as 1, 2 and 3 respectively. 
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BROAD LEAF 
 
 OKRA LEAF 
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FREGO BRACT 
 
 
 
 
 
 
 
 
NORMAL BRACT 
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RED LEAF 
 
 
 
 
 
GREEN LEAF 
 
 
3.2.6. Number of monopodial branches 
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Monopodial branches are also called as vegetative branches or indirect fruit bearing branches 
usually arising from main stem locating at the base. At maturity, monopodial branches 
developed on each selected plant were counted. 
3.2.7. Number of sympodial branches 
Sympodial branches are also called as direct fruiting bearing branches, usually short, 
appearing almost at right angle to the stems. The sympodial branches of selected plants were 
counted. 
3.2.8. Boll Weight  
Average weight in grams per boll was calculated by dividing total seed cotton yield per 
selected plants by number of bolls harvested from the same plant.  
3.2.9. Lint percentage 
It is the lint weight obtained from the given weight of seed cotton represented in percentage.  
Seed cotton harvested from individual plants was ginned separately with single roller 
electrical ginned machine. Lint percentage was calculated by the following formula.  
                                 Weight of lint in sample 
Lint percentage   = -------------------------------  × 100 
                                 Weight of seed cotton  
3.2.10. Seed index  
Seed index for selected plants were computed by weighing 100 seed in grams with electronic 
balance from the seed bulk of each randomly selected plant.  
3.2.11. Fiber traits 
Fiber strength, fiber length and fiber fineness were measured by using spinnable high volume 
instrument (HVI-900) in the Department of Fiber Technology University of 
Agriculture, Faisalabad.  
3.2.12. Excised leaf water loss (ELWL) 
Three fully developed leaf samples were taken from each of the selected plants grown under 
field conditions during the second week of October. The samples were covered with 
polythene bags immediately after excision and fresh weight was recorded using electronic 
balance. The leaf samples were placed on bench at room temperature. The weight of wilted 
leaves was taken after twenty four hours. Finally the leaf samples were dried for 72 hours at 
room temperature before recording dry weight. The excised leaf water loss was calculated 
using the formula described by Clarke and McCaig (1982).    
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             ELWL = (Fresh weight – wilted weight) / Dry weight 
3.2.13. Relative water content (RWC) 
Data for relative water content was taken from each of selected plant following method as 
described in experiment number 1.  
3.2.14. Genetic analysis  
The genetic analysis of qualitative traits, okra leaf, frego bract and red leaf color were tested 
for their fitness to theoretical ratio through chi-square test (Haris, 1912). 
For quantitative traits (plant height, bolls number, number of monopodial branches, 
number of sympodial branches, boll weight, lint percentage, seed index, excised leaf water 
loss, relative water content, fiber fineness, fiber strength and fiber length) means and 
variances of the parents, BC1, BC2, F1, F2 generations were calculated from the selected plants. 
The coefficients of genetic components of generation means and generation variances used 
are given as followings.  
Coefficients of the mean (m), additive (d), dominance (h), additive   additive (i), 
additive   dominance (j) and dominance   dominance (l) parameters for the weighted 
least squares analysis of generation means.  
 
Generations  Components of genetic effects 
 m [d] [h] [i] [j] [l] 
P1 1  1.0 0.0 1.00 0.00 0.00 
P2 1 -1.0 0.0 1.00 0.00 0.00 
F1 1  0.0 1.0 0.00 0.00 1.00 
F2 1  0.0 0.5 0.00 0.00 0.25 
BC1 1  0.5 0.5 0.25 0.25 0.25 
BC2 1 -0.5 0.5 0.25 -0.25 0.25 
 
 
 
 
 
Coefficients of the D, H, F and E effects for the weighted least squares analysis of 
generation variances   
                                          
Generations    Components of variation  
  
43 
 
D H F E 
P1 0.00 0.00 0.00 1 
P2 0.00 0.00 0.00 1 
F1 0.00 0.00 0.00 1 
F2 0.50 0.25 0.00 1 
BC1 0.25 0.25 -0.5 1 
BC2 0.25 0.25 0.50 1 
 
The analysis described by Mather and Jinks, 1982 was performed on the generation means 
beginning with the simplest model using parameter m only. Further models of increasing 
complexity ([m, d], [m, d, h], [m, d, h, i], [m, d, h, I, j], [m, d, h, i, l] etc.) were selected if 
chi-square value was significant. The best fit model was one which had significant estimates 
of all parameters along with non-significant chi-square value. For each trait the higher value 
parent was taken as P1 in the model fitting. For variance analysis (Mather and Jinks, 1982), 
the model fitting was commenced with the E component of parameters. The parameters   D, 
H and F parameters were sequentially included until suitable fit was obtained. The best 
model with all significant component and non-significant chi-square was chosen. 
3.15. Heritability estimates 
Heritability in narrow sense (h2ns) was calculated using the components of variance from the 
best fit model of weighted least squares analysis by the formula: 
h2ns 
(1) = 0.5D / (0.5D + E) (When a simple DE model was adequate without a significant 
dominance component) 
(2) = 0.5D / (0.5D + 0.25H + E) (When a DHE model had to be fitted) 
Heritability in the F∞ generation was also calculated by using the formula: 
h2∞ = D / (D + E)  
3.16.   CORRELATIONS 
Phenotypic and genotypic correlation coefficients between pairs of plant traits were also 
determined using the F2 data. Phenotypic correlation coefficients were calculated following 
Dewey and Lu (1959) using Minitab computer program. The genetic correlations (rg) 
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between two characters x and y were calculated following Edhaie et al.  (1993)   by the 
following formula 
3.16.1. Phenotypic correlations 
The phenotypic correlations (rp) between two traits x and y were calculated by using the 
following formula.                   
 rp =   PCOV(x,y) / (PVx . PVy)
1/2 
Where, 
 PCOV(x,y) is the mean phenotypic covariance of x and y traits.  
 PVx and PVy are the phenotypic variance of the same traits respectively.  
3.16.2. Genotypic correlations 
The genotypic correlations  (rg) between two traits x and y were computed by using the 
following formula.  
 rg =   GCOV(x,y)/ (GVx . GVy)
1/2   
Where, 
 GCOV(x,y) = COV(x,y) F2 – COV(x,y)E  
 COV(x,y)E = (1/4)[COV(x, y)P1 + COV(x,y)P2 + 2COV(x,y)F1]  
GCOV(x,y), COV(x,y)E, COV(x,y)P1, COV(x,y)P2, COV(x,y)F1 and  COV(x,y) F2 are 
covariances of x and y associated with genetic effects, non-genetic effects, P1, P2, F1 and F2 
generations respectively and GV (x) and GV (y) are genetic variances of x and y traits 
respectively. 
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CHAPTER 4 RESULTS AND DISCUSSION   
 
4.1. Experiment: 1 Assessment of insect pest infestation 
4.1.1. Analysis of variance (ANOVA) 
The analysis of variance (ANOVA) indicated significant differences among the 
genotypes/cultivars for RWC and for population build up of all the insect pests studied 
(Table 4.1). The complete ANOVA for genotypes/cultivars at different moisture contents is 
given in Appendix-1A. The complete ANOVA tables for genotypes/cultivars for insect pest 
population build up at different RWC are given in appendix-1B. Means of RWC for 
genotypes as well as population of thrips, jassid, white fly, mites, aphid, spotted bollworm, 
pink bollworm and american bollworm  on genotypes/cultivars under well watered (WW) 
and water deficit (WD) conditions are given in Table 4.1. Comparison of mean population 
build up of insect pests (taken at 9 different dates) on different genotypes/cultivars is shown 
in table 4.2. Complete ANOVA tables of genotypes/ cultivars for insect pest population build   
up (taken at 9 different dates) are given in Appendix 2.  
4.1.2. Thrips (Thrips tabacii) 
Gossypium  arboreum cultivar FH-170 had minimum population build up of thrips, hence the 
most resistant cultivar, among genotypes/cultivars under study. Among G. hirsutum 
genotypes/cultivars, the genotype Gumbo Okra with okra leaf type had minimum population 
build up of thrips. Maximum numbers of thrips were found on S-12.  
Stanton et al. (1992) evaluated 43 accessions for resistance to thrip from 1988 to 1990 at 
Cotton Branch Experiment Station, Mariana, Arkansas, USA. They also reported that G. 
arboreum accessions were comparatively less damaged by thrips. Syed et al. (1996) studied 
varietal resistance in twenty genotypes against thrips, and found minimum number of thrips 
on okra leaf type. Arif et al. (2006) investigated varietal resistance of ten cotton genotypes 
including okra leaf type against sucking insects. They reported that okra leaf type genotypes  
showed the most resistance response against thrips compared to genotypes with normal leaf. 
Among hirsutum genotypes/cultivars in the present study Gumbo Okra supported minimum 
population showing resistance response. Low population of thrip on Gumbo Okra may be 
attributed to its reduced leaf surface area. Reduced surface area of okra leaf cotton allows 
light penetration to the lower part of plant hence exposes the hiding places of thrips. In the 
present study, maximum number of thrips was observed on normal leaf cotton S-12 and FH-
1000. These genotypes are characterized by large and wide leaves. The results of present 
study and the earlier reports show that population build up of thrip on okra leaf type genotype 
is lower hence cotton cultivars with okra leaf type may be tailored for thrip resistance.  
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Table 4.1. Population build up of insect pests under we ll watered (WW) and water deficit (WD) conditions on different 
genotypes/ cultivars, relative water contents (RWC) as well as Mean squares (MS) for genotypes, RWC/population and 
genotype x RWC/population.  
 
RWC 
Means Thrip Jassid White fly Mites Aphid 
Spotted 
bollworm 
Pink 
bollworm 
American 
bollworm 
Genotypes   WW          WD        
WW WD WW WD WW WD WW WD WW WD WW WD WW WD WW WD 
Russian Red  55.22      40.03 4.372 4.744 2.254 2.371 4.562 4.871 6.821 7.642 6.490 8.431 7.342 6.967 3.509 4.212 7.121           8.120       
PBG-Fb-5  57.15       50.34 4.420 8.032 2.873 2.442 4.851 4.17 5.431 9.101 7.851 12.031 4.033 6.967 1.915 2.003 8.230         6.232           
Gumbo Okra  72.77      55.54 3.620 5.832 2.234 2.483 4.561 3.221 6.192 5.870 7.221 9.33 4.033 6.967 4.712 2.631 6. 122              4.011 
S-12  54.43       38.23 3.612 7.645 2.843 1.721 5.421 4.741 7.024 10.513 7.352 13.58 6.332 6.967 1.627 4.331 9. 071   6. 021          
MNH-93        68.93      49.66 3.223 5.871 2.490 1.380 5.423 4.972 5.375 7.023 7.543 9.13 9.067 8.112 2.891 3.172 10.113 6.973 
FH-1000  56.06      41.53 4.661 8.172 2.323 2.163 4.713 4.181 5.823 8.881 7.382 9.121 6.121 5.032 2.772 3.232 7. 032           14.922 
FH-170.  89.35      64.10 3.172 5.673 1.921 1.121 3.874 2.472 5.001 7.621 5.524 6.28 5.333 3.121 2.583 1.174 2.415 6.973 
Average    63.83      49.22 3.868      6.567 2.419       1.954 4.772 4.089 5.952           8.093 7.051       9.700 6.037        6.305 2.858        2.947 7.156            7.607 
MS for Genotype  
        826.87**    
      365.63**        393.63**      393.69**      362.40**        341.91**       363.90**       414.51**       331.96** 
MS for RWC/Population        2242.12**     1522.27 ns     1171.51 ns   1183.25 ns    1470.68 ns      1563.58 ns      1055.56 ns     1206.66 ns      1025.99 ns 
MS  for Genotype   x 
RWC/Population 
 
         49.26** 
       21.27ns         21.72 ns       24.05 ns       21.30 ns          14.44 ns         34.10 ns        24.48 ns         36.15 ns 
ns = non-significant   
            **= highly significant (p<0.01) 
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Table 4.2. Comparisons of mean population build up of insect pests (taken at 9 different dates) on different cotton genotypes/cultivars.  
 
 
Thrip Jassid White fly Mites Aphid Spotted bollworm Pink bollworm American bollworm  
S-12                  7.77a 
PBG-Fb-5         7.49b 
FH-1000           7.36b 
Russian Red      6.69c 
MNH-93           6.63c  
Gumbo Okra     6.11d 
FH-170            4. 68e 
  PBG-Fb-5       1.99a 
 Russian  Red    1.98a 
  S-12                1.97a 
MNH-93         1.93ab 
Gumbo  Okra  1.85ab 
FH-1000          1.80 b 
FH-170            0.97 c 
FH-1000          4.8a 
MNH-93         4.79a 
PBG-Fb-5       4.63b 
Russian  Red   4.62b 
Gumbo  Okra  4.51c 
S-12                4.39d 
FH-170           2.43e 
PBG-Fb-5     8.33a 
S-12               7.64a 
FH-1000       6.50ab 
Russian  Red 5.56bc 
MNH-93       3.86cd 
Gumbo  Okra 3.84cd 
FH-170         2.61d 
PBG-Fb-5      8.25a 
Gumbo  Okra 6.77ab 
FH-1000        5.58b 
S-12               4.03c 
MNH-93         3.72c 
Russian  Red    3.66c 
FH-170            1.85d 
FH-1000       10.06a    
MNH-93       10.13a 
S-12               9.90ab 
Russian  Red  8.09b 
PBG-Fb-5      8.13b 
Gumbo  Okra  8.11b 
FH-170          2.03d 
MNH-93         2.45a  
FH-1000         2.23b 
S-12                1.96c 
Gumbo  Okra  1.81c 
Russian  Red   1.79c  
PBG-Fb-5       1.23d   
FH-170           1.08e               
FH-1000         12.21a 
MNH-93           8.08b 
PBG-Fb-5         7.13b 
S-12                  7.12b 
Russian Red      6.24b 
G. Okra             2.74c 
FH-170             2.72c    
LSD           0.146             0.154               0.107               0.686               0.313              0.539               0.266                0.537 
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4.1.3. Jass id (A mrasca devastans) 
Minimum number of jassid was present on arboreum cultivar FH-170. Among the upland 
cotton (G. hirsutum) FH-1000 and Gumbo Okra had minimum infestation of jassid.  
Bhatnagar and Sharma (1991) investigated varietal resistance of cotton genotypes against 
sucking insect pest of cotton and recorded less number of jassid on okra genotypes. Chu et al. 
(2000) studied host plant resistance in normal and okra leaf genotypes against jassid and 
found okra leaf cotton as resistant compared to normal leaf cotton. Ahmad et al. (2005) 
evaluated ten upland genotypes for plant resistance against jassid and found okra leaf 
genotype (Okra-170) the most resistant. The results of present study and earlier reports 
suggest that okra leaf cultivars may be engineered for jassid resistance.  
4.1.4. White  fly (Bemisia tabacii ) 
Gossypium arboreum cultivar FH-170 showed minimum white fly infestation. Among G. 
hirsutum genotypes/cultivars, Gumbo Okra and S-12 had relatively lower population build up 
of white fly. Relatively higher number of white fly was recorded on FH-1000 and MNH-93.  
Modifications in leaf morphology known as okra leaf type had been reported to confer high 
level of resistance against white fly (Painter, 1951; Jones et al., 1976). Soomro et al. (2000) 
evaluated okra leaf upland cotton strains compared to normal leaf cultivars (CRIS-9 and 
NIAB-78) at seven different locations, and reported as relatively tolerant to white fly. 
Similar, results have been reported by other researchers (Huffaker and Croft 1976; Bhatnagar 
and Sharma 1991; Chu et al., 1999; Chu et al., 2002).  Russian Red genotype also displayed 
a medium level of resistance against white fly. Alexander et al. (2004) also reported red leaf 
color cotton as resistant against white fly. Similarly, Neto et al. (2008) reports that cotton 
genotype with red leaf color is less preferred by white fly compared to normal green plant. 
The earlier researcher and the results of present study suggest that okra leaf trait and red leaf 
color confer resistance against white fly in cotton.  
4.1.5. Mite  (Tetranychus spp)  
Lowest number of mites was found on G. arboreum cultivar, FH-170. Among the G. 
hirsutum genotypes/cultivars minimum population buildup of mites was present on Gumbo  
Okra.  
Kular and Butter (1999) investigated varietal resistance of 51 cotton cultivars and found that 
okra leaf cotton was least affected by mite infestation. Similarly a normal leaf cotton variety, 
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Deltapine-90 and okra leaf, Siokra-14 were compared and was found that losses due to mite 
infestation in term of yield and oil contents in okra leaf genotype was lower compared to 
normal leaf genotype (Sadras and Wilson, 1996). Syed et al. (2003) eva luated 21 
genotypes of cotton and recorded minimum populat ion build up of mites on 
Russ ian Red and Rode okra (okra lea f). In the present study, Russ ian Red also had  
relat ive ly lower infestat ion of mites. Present stud ies and previous find ings  
ind icate that cotton ta ilored with okra lea f or red lea f co lor would reduce  
populat ion build up o f mites .  
4.1.6. Aphid (Aphis gossypii ) 
Lowest aphid population build up was recorded on G. arboreum cultivar, FH-170. Among 
upland cotton genotypes/cultivars, Russian Red had minimum population build up of aphid.  
Red leaf color genotypes are reported to be less preferred by aphid (Painter 1951; Radcliffe 
and Chapmann 1966; Ali et al., 2009). Minimum population of aphid on Russian Red in the 
present study revealed resistance of red leaf color. Present study and earlier reports suggest 
that red leaf trait should be incorporated in cotton cultivars if the problem of aphid infestation 
is severe in the area. The Bt cotton tailored with red color may provide additional benefits 
against sucking insect pests.  
4.1.7. Spotted boll worm (Erias insulana)  
Gossypium arboreum cultivar FH-170 had minimum infestation. Among upland cotton (G. 
hirsutum) genotypes/cultivars, Gumbo Okra, PBG-Fb-5(Frego bract genotype) and Russian 
Red had minimum infestation. Maximum damage was recorded on FH-1000.   
Abro et al. (2003) investigated varietal resistance in ten cotton genotypes/cultivars including 
okra genotypes against Erias spp. and recorded minimum infestation on okra genotypes. 
Indrayani and Sumartini (2007) reported that floral bract positively associated with bollworm 
damage. They investigated 18 cotton accessions against bollworm damage, and reported 
higher damage to bolls in accessions with large bract. Results of present study and earlier 
research show that the traits, okra, red leaf color and frego bract traits confer resistance 
against spotted bollworm. So cotton cultivars should be tailored with these traits to reduce 
damage by spotted bollworm.  
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4.1.8. Pink bollworm (Pectinophora gossypiella) 
Gossypium arboreum cultivar FH-170 had minimum infestation. Whereas, among G. 
hirsutum genotypes/cultivars; PBG-Fb-5, Russian Red and Gumbo Okra had minimum 
infestation. Maximum pink bollworm damage was recorded on MNH-93.  
Mehetre et al. (2009) studied genotypes/cultivars including arbroreum and thurberi cotton 
and found least damage to arboreum and thurberi genotypes by pink bollworm. Okra leaf 
type genotypes have less surface area and provide better light penetration and air circulation 
so are resistant to pink bollworm (Wilson and George, 1982; Wilson, 1986). Studies also 
reveal that genotypes with frego bract, glabrous and nectariless traits show lower bollworm 
damage (Nyambo 1985; Jones, et al., 1989). Baloch et al. (2001) investigated plants with 
small bract and large bract genotypes against bollworm damage. Narrow and small bract 
genotypes were less damaged compared to broad and normal bract genotypes. Indrayiani and 
Sumaitini, (2007) studied different insect resistant traits in cotton and reported that frego 
bract type genotypes had resistance against bollworm damage. Resistance of frego bract 
genotypes against bollworm may be attributed to thin, long bracts that keep the boll naked 
(Rahman et al., 2008). Transgenic cotton offers considerable resistance against bollworm 
complex. Bt cotton tailored with traits frego bract, red leaf color and okra leaf type would 
provide additional benefit of resistance against bollworms along with resistance against 
sucking insect pests.  
4.1.9. American bollworm (Helicoverpa armigera) 
FH-170, the arboreum cultivar was found the most resistant to American bollworm. Among 
G. hirsutum genotypes/cultivars minimum infestation was recorded on Gumbo Okra and 
Russian Red. Whereas, maximum infestation was noticed on FH-1000.  
Fitt et al. (2002) and Ahmad, (2004) has reported that morphological traits (okra leaf, 
glabrous, hairiness, frego bract, presence and absence of nectars ) alter plant environment in 
such a way that genotypes become less vulnerable to insect pests. Resistance against 
American bollworm was reported in smooth and okra leaf cotton (Hassan et al., 1990). 
Insects show preference to color of different plants parts like leaf, flower or stem (Painter, 
1951). Red color has been developed in evolution by plants as defensive mechanism 
(Hamilton and Brown, 2001) and hence is less affected by insect pests (Jones et al., 2000).  
Resistance in red leaf color cotton against American bollworm is due to the presence  
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anthocynin pigments (Coley and Kursar, 1996; Bohm, 1998; Vargas et al. 2000). Earlier 
reports and present findings reveal that okra leaf type and red color trait in the plant confer 
resistance against American bollworm. So these traits should be introduced into cotton 
cultivars. 
4.2. Re lative water content and insect pest infes tation  
The relative water content of the genotypes/cultivars was different under well water (WW) 
and water deficit (WD) conditions (Table 4.1). The population build up of thrips, mites and 
aphid was relatively higher, on genotypes/cultivars under WD compared to WW conditions 
and vice versa in case of jassid and white fly but statistically non-significant table (4.1). 
Bollworms population build up on genotypes/cultivars was almost similar in WW and WD 
condition and non-significant. Interaction between the population build up on the genotypes 
and RWC was also non-significant. This means that population build up on the genotypes 
was not due to difference of RWC but was due to insect pest resistant traits (okra leaf, frego 
bract and red leaf color) of the genotypes. According to Cornelissen and Fernandes (2001) 
water balance affects cell sap composition and contributes toward resistance/susceptibility to 
insect pest. Abiotic stresses including water shortage alters the biological processes of plant 
(Jenks and Hasegwa, 2005) and may affect insect/ pest infestation. It is reported that sucking 
insect pest infestation increased with drought stress due to increased concentration of 
inorganic and organic substances like asparagines, glutamines, aspartic acid and sugar 
contents that makes cell sap a rich source of food (Braun and Flückiger, 1984; Agele et al., 
2006; Vickers, 2011).  
Schumutterer (1969) has reported that mites, thrips and aphid infestation increases in water 
shortage conditions. Kuepper (2004) also reports that dry conditions (low relative water 
content) supports population build up of sucking insect pests like thrips, aphid and mites. 
However, positive correlation of thrip population build up with rainfall was reported by Khan 
and Ullah (1994). Likewise, Khan et al. (2008) investigated population build up of thrip on 
cotton genotypes/cultivars (NIAB-98, NIAB-999, IR-448, IR-443, NIBGE-1, FH-901 and 
FH-925) and reported that rainfall increased thrips population. Whereas, Wahla, et al. (1996) 
have reported that rainfall decreases thrips population in co tton field. Ashfaq et al. (2010) 
investigated the effects of abiotic stress on sucking insect pest and reported that rainfall 
enhanced the infestation of white fly. Similar results were also reported by Jalal et al., 
(2006). It has been reported that jassid population is increased with rainfall (Shuaib et al., 
2008, Ashfaq et al., 2010). However, Afzal and Ghani, (1948) reported that resistance of 
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cotton genotypes against jassid species E. devastans was due to the presence of high water 
contents in plant tissues and tougher veins. The results of earlier studies indicate that relative 
water content has pronounced impact on population build up of sucking insect pests like 
thrips, jassid, white fly, mites and aphids, however there was contradiction in the results. In 
the present studies it is observed that relative water contents of plant had not significant 
effect on insect pest population build up.    
4.3. Experiment: 2     Genetics of insect resistant traits  
Chi-square test was used to find the differences of the observed and expected phenotypic 
ratios in F2 populations and backcrosses. The results of Chi-square test for the crosses 
involving okra leaf shape, frego bract and red leaf color genotypes/cultivars are given in table 
4.3, 4.4 and 4.5 respectively.  
4.3.1. Okra leaf type 
Inheritance of okra leaf shape was investigated using the cross of FH-1000 (normal leaf) with 
Gumbo Okra (okra leaf) genotype. The F1 had semi-okra leaf indicating incomplete 
dominance. In F2 population, leaf shape segregated into three types normal, semi-okra, and 
okra in the ratio of 1: 2: 1. The ratio of leaf type in F2 and backcross populations indicated 
monogenic inheritance with partial dominance. The appearance of 1: 1 in the back crosses 
confirmed the monogenic inheritance. These results are in conformity with the findings of 
Jones, (1982), Endrizzi et al. (1984) and Nawab et al. (2011).  
4.3.2. Frego bract 
The inheritance of frego bract was investigated using the cross of FH-1000 (normal bract) 
with PBG-Fb-5 (frego bract) genotype. The F1 had normal bracts indicating complete 
dominance of normal bract. In F2 population, bract types segregated into normal bract and 
frego bract in 3: 1 ratio. The ratio of bract type in F2 and backcross populations indicated 
monogenic inheritance of frego bract as recessive trait. The appearance of 1: 1 in test cross 
also confirmed the monogenic nature of the trait. These findings are in agreement with the 
earlier researchers (Green, 1955; Maxwell and Jennings 1979; Rahman et al., 2008). Frego 
bract may be identified easily from normal bract; however, variation in size and shape of 
bract in segregating population indicates the involvements of some modifier genes in the 
inheritance of frego bract.  
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Table 4.3.  Chi-Squared values and probabilities of goodness of fit of segregation ratios of F2 and backcross generations for 
inheritance of okra leaf type in the cross of FH-1000 (Normal leaf) and Gumbo Okra (okra leaf) genotypes of G. hirsutum. 
 
Generation  Total 
plants 
Observed values                 Expected  ratios                                       X
2
          P value 
Broad leaf Semi okra Okra  leaf Broad leaf  : semi-okra :        Okra leaf                                           
  
F1 30 0 30        0    
F2 129 29 66 34  1        :              2        :              1 0.44 0.80-0.70 
BC1 60 27 33   1        :              1     0.60 0.50-0.30 
BC2 60  32 28              1        :              1     0.26 0.70-0.50 
 
Table 4.4. Chi-Squared values and probabilities of goodness of fit of segregation ratios of F2 and backcross generations for 
inheritance of frego bract type in the cross of FH-1000 (Normal bract) and PBG-Fb-5 (Frego bract) genotypes of G. hirsutum. 
 
Generation  Total 
plants 
          Observed values Expected ratios X
2
 P value 
Normal bract Frego    
bract 
        Normal bract Frego bract 
F1 30 30 0     
F2 129 93 36         3                      :              1 0.54 0.50-0.30 
BC1 60 33 27         1                      :              1 0.60 0.50-0.30 
BC2 60 34 26         1                      :              1 1.06 0.50-0.30 
 
Table 4.5.  Chi-Squared values and probabilities of goodness of fit of segregation ratios of F2 and backcross generations for 
inheritance of red leaf color in the cross of Russian Red (red leaf) and S-12 (Dark green leaf) genotypes of G. hirsutum. 
Generation  Total 
plants 
Observed values Expected ratios X
2
 P value 
Green leaf Light red leaf Red leaf Green leaf  :     light red leaf :    Red leaf 
  
F1 30 0 30 0    
F2 114 29 60 25 1                  :            2              :           1 0.59 0.50-0.30 
BC1 33 14 19  1                  :            1 0.74 0.50-0.30 
BC2 33  15 18                     1              :           1     0.26 0.70-0.50 
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4.3.3. Red leaf color 
Genetics of red leaf color was investigated using the crosses of Russian Red (red leaf) with 
S-12 (dark green) cultivar. The F1 had intermediate red leaf indicating partial dominance. In 
F2 population leaf color segregated into three types red leaf, light red and green leaf in the 
ratio of 1: 2: 1. The ratio of leaf color in F2 and backcross populations indicated monogenic 
inheritance with partial dominance. These results are in conformity with the findings of 
Killough and Horlacher, (1933). 
4.4. Generation means analysis 
The mean performance of all the generations of the crosses and mean square (MS) are 
mentioned in table 4.6.Complete analysis of variance of generation means (parents, F1, F2 
and backcrosses) for the crosses are given in Appendix 3A, 3B and 3C. The results of 
generation means analysis are given in table 4.7 and the results of generation variance 
analysis and heritability estimates are given in table 4.8. Analysis of variance showed 
significant differences among the generation means for the traits, plant height, bolls per plant, 
number of monopodial branches, number of sympodial branches, boll weight, lint 
percentage, seed index, fibre fineness, fibre strength and fibre length in the crosses involving 
okra leaf, frego bract and red leaf color, however, differences were not significant for relative 
water content and excised leaf water loss in all the three crosses.  
In quantitatively inherited traits, genetic effects are expressed in term of additive, dominance 
and non-allelic interaction (epistasis). There are many statistical procedures available for 
estimating genetic effects but generation means analysis described by Mather and Jink (1982) 
has been widely used in crop plants (Iqbal and Nadeem, 2003;  Esmail, 2007; Rahman et al., 
2008; Zdravkovic et al., 2011; Gauraha and Rao, 2011) so has been used for the analysis in 
the present study. 
 For Plant height, five parameter model (m [d] [h] [i] [l]) and (m [d] [h] [i] [j]) in the cross 
FH-1000 × Gumbo Okra and Russian Red × S-12 respectively provided a good fit to data. 
Whereas, three parameter model (m [d] [i]) provided good fit to data in the cross FH-1000 × 
PBG-Fb-5. These results reflect complex inheritance pattern governing plant height. Additive 
type of gene action (Shah et al., 1993; Carvalho et al., 1995; Ahmad et al., 2003) additive 
with dominance (Kalsy and Grag, 1988; Mukhtar et al., 2000; Soomro et al., 2008) as well as 
interaction for the trait in cotton has been reported (Silva and Alves 1983; Khan and Khan 
1993; Ahmad et al., 2009; Shakoor et  al., 2010)  in the  literature. Difference of  
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Table 4.6. Generation means and mean square (MS) of plant height (PH, cm), number of  bolls 
per plant (BP),number of monopodial branches (MB), number of sympodial branches (SB), boll 
weight (BW), lint percentage (LP), 100 seed index (SI), fibre fineness (FF, mic.), fibre strength 
(FS, g/tex) and fibre length (FL mm) in three crosses FH-1000 × Gumbo Okra (upper),  FH-
1000 × PBG-Fb-5 (middle), Russian Red × S-12 (lower) of cotton. 
 
Traits Populations MS Pop.  
effects 
LSD (0.05) 
P1 P2 F1 F2 BC1 BC2 
 84.53 75.20 86.57 78.89 80.05 81.54 47.96**
 
** 3.42 
PH 83.13 81.22 87.40 87.98 84.68 77.75 45.63** ** 4.01 
 94.47 87.35 95.00 92.45 89.30 90.24 27.34** ** 3.69 
     12.40 10.83 13.40 10.69 10.76 10.40 4.342** ** 0.89 
BP 11.47 10.6 11.53 11.40 10.56 10.78 0.67**  ** 0.29 
 13.23 9.23 11.13 9.83 10.36 8.03 10.08** * 0.13 
     3.04 2.23 2.37 2.23 2.25 2.38 0.264** * 0.13 
MB 2.37 2.18 2.27 2.15 2.37 2.60 0.084** ** 0.25 
 3.51 2.56 2.53 3.31 2.58 3.42 0.626** ** 0.23 
    13.13 10.4 13.37 9.75 10.75 9.79 8.011** ** 0.48 
SB 11.57 10.08 11.10 10.80 10.05 9.81 1.439** ** 0.96 
 13.36 9.7 10.97 9.61 9.39 7.79 10.32** ** 0.16 
    3.35 3.62 4.11 3.65 3.47 3.54 0.24**  * 0.23 
BW 3.55 2.80 3.52 3.27 3.54 2.94 0.31**  ** 1.68 
 3.74 3.37 3.61 3.37 3.45 3.01 0.196** * 0.21 
 39.84 37.38 40.32 38.68 39.00 37.89 3.76**  ** 2.25 
LP 38.09 36.0 38.61 37.35 37.48 36.26 3.09**  ** 4.03 
 35.14 38.72 3623 35.93 35.77 33.74 7.96**  ** 3.23 
 
SI 
7.44 5.06 4.79 4.91 4.45 4.72 3.65**  ** 0.22 
7.23 6.51 5.20 5.24 4.94 5.06 2.664** ** 0.56 
6.28 6.30 6.28 6.45 6.56 6.91 0.181** ** 0.75 
 5.34 4.88 5.17 5.19 5.22 5.20 0.07**  ** 0.14 
FF 5.02 4.91 4.68 4.95 5.06 5.10 0.063** ** 0.12 
 4.85 5.43 5.14 5.37 5.12 5.32 0.135** ** 0.19 
 22.06 22.25 23.04 20.58 20.95 21.17 2.59**  * 0.89 
FS 22.33 20.56 22.30 21.75 21.69 22.40 1.489** * 0.93 
 22.89 20.88 20.71 21.39 21.60 20.75 2.062** ** 1.32 
 27.26 27.24 28.52 26.83 27.13 26.76 1.213** ** 1.60 
FL 27.40 27.42 27.93 27.56 27.65 28.51 0.540** * 0.44 
 28.22 26.67 26.89 27.47 27.63 26.21 1.594** ** 0.73 
 3.96 3.09 3.33 3.63 2.84 2.89 0.58
 ns ns 
- 
ELW L 3.03 3.12 2.41 2.67 3.13 3.14 0.284
 ns 
ns - 
 4.31 3.41 2.78 2.78 2.85 3.17   1.04
 ns
 ns - 
 65.61 67.12 65.12 61.24 62.31 64.81   14.3
 ns
 ns - 
RWC 60.52 61.81 65.91 59.61 60.40 57.38  22.61
 ns
 ns - 
 65.61 75.12 71.41 67.01 66.31 72.21    44.4
 ns
 ns - 
ns= non-significant,   * = highly significant  (p<0.05), ** = highly significant  (p<0.01) 
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Table 4.7. Estimates of the best fit model for generation mean parameters by weighted least 
squares analysis in respect of plant height (PH), number of  bolls per plant (BP),  number of 
monopodial branches (MB), number of sympodial branches (SB), boll weight (BW), lint 
percentage(LP) , 100 seed index (SI), fibre fineness (FF), fibre strength (FS) and fibre length 
(FL) in three crosses FH-1000 × Gumbo Okra (upper), FH-1000 × PBG-Fb-5 (middle), Russian 
Red × S-12 (lower) of cotton. 
Traits Genetic effect  
X
2 
 (df) 
[m] [d] [h] [i] [j] [l]  
 15.49±1.43 1.76±0.28 18.99±3.68 3.99±1.40 - 14.47±2.45 0.13(1) 
PH 87.95±0.77 0.24±0.71               - 6.04±1.17 - - 4.72(3) 
 93.71±1.76 1.42±0.67 4.16±2.40 5.07±1.94 3.81±2.33  2.71(1) 
     9.35±0.40 0.69±0.21 - 2.18±0.48 - 3.96±0.77 3.22(2) 
BP 11.01±0.16 0.30±0.23 - - - - 5.43(4) 
 11.28±0.28 2.13±0.24 7.22±1.15 - - 7.07±1.22 3.96(2) 
     2.07±0.14 0.38±0.057 0.27±0.21 0.54±0.15 1.02±0.21 - 0.47(1) 
MB 26.16±0.22 0.90±0.22 0.78±0.4 - - - 1.04(3) 
 4.07±0.25 0.46±0.11 1.56±0.36 1.05±0.27 2.58±0.39 - 0.19(1) 
    15.49±1.43 1.76±0.28 18.99±3.68 3.99±1.4 - 14.47±2.45 0.13(1) 
SB 10.39±0.17 0.67±0.4 - - 0.8±1.25 - 7.59(3) 
 15.49±1.42 1.76±0.28 18.99±3.68 3.99±1.40 - 14.46±2.45 0.13(1) 
    4.44±0.264 0.132±0.024 2.83±0.62 0.95±0.26 - 2.51±0.37 0.03(1) 
BW 2.98±0.11 0.37±0.03 0.49±0.15 0.19±0.11 0.44±0.12 - 2.60(1) 
 3.56±0.03 0.19±0.03 1.09±0.20 - 0.50±0.24 1.14±0.25 2.70(1) 
 38.13±0.15 1.10±0.18 - - - 2.15±0.22 2.96(3) 
LP 39.14±0.87 1.07±0.10 6.64±2.04 2.09±0.87 - 6.11±1.25 0.34(1) 
 35.53±0.12 - 0.65±0.27 - - - 5.28(4) 
  6.96±0.13 0.05±0.01 1.07±0.13 0.17±0.13 0.19±0.27 - 0.47(1) 
SI 5.14±0.36 - 4.10±0.82 1.14±0.36 0.69±0.17 2.96±0.53 0.05(1) 
 5.14±0.36 - 4.10±0.82 1.13±0.36 0.69±0.17 2.96±0.53 0.05(1) 
  5.18±0.02 0.22±0.04 - - 0.39±0.14 - 4.01(3) 
FF 4.42±0.17 - 1.82±0.40 0.53±0.17 0.07±0.07 1.57±0.25 1.3(1) 
 5.56±0.09 0.29±0.03 0.42±0.12 0.43±0.10 0.99±0.16 - 0.60(1) 
  19.7±0.17 0.13±0.14 - 2.44±0.25 - 3.30±0.41 0.09(2) 
FS 20.94±0.10 0.35±0.1 1.34±0.18 - - - 2.0(3) 
 21.9±0.16 0.98±0.17 1.17±0.30 - - - 0.92(3) 
  27.26±0.15 0.12±0.12 2.69±0.58 - - 3.94±0.55 2.47(2) 
FL 26.16±0.22 0.90±0.22 0.78±0.4 - - - 1.04(3) 
 55.79±2.66 2.23±0.53 8.66±3.75 7.09±2.77 - - 2.49(2) 
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Table. 4.8. Variance components, D (additive), H (dominance), F (additive × dominance) and E 
(environmental) following weighted  analysis of component variance, and heritability (narrow 
sense and F∞ generation)  for  plant height (PH), number of  bolls per plant (BP),number of 
monopodial branches (MB), number of sympodial branches (SB), boll weight (BW), lint 
percentage (LP), 100 seed index (SI), fibre fineness (FF), fibre strength (FS) and fibre length 
(FL) in three crosses FH-1000 × Gumbo Okra (upper),  FH-1000 × PBG-Fb-5 (middle), Russian 
Red × S-12 (lower) of cotton. 
        
Traits 
Variance Components X
2 
Heritability 
D H F E Df Ns F∞ 
 326.53±36.40 - - 23.61±3.50 1.75(4) 0.88 0.93 
PH 572.98±124.9 499.96±153.80 - 72.03±10.74 2.82(3) 0.59 0.89 
 500.40±77.12 640.76±81.67 - 25.57±3.81 4.81(3) 0.57 0.95 
     73.1±2.79 - - 5.59±0.78 1.41(4) 0.92 0.82 
BP 26.01±4.40 - - 5.84±0.85 5.42(4) 0.69 0.87 
 18.52±4.98 25.16±7.26 - 5.20±0.78 2.37(3) 0.45 0.78 
     0.40±0.10 - - 0.18±.03 0.36(4) 0.53 0.26 
MB 4.02±1.09 - - 1.16±0.31 1.40(4) 0.63 0.78 
 2.73±.0.69 -3.60±0.99 - 0.69±0.10 3.65(3) 0.33 0.80 
    4.42±0.50 11.27±0.90 - 4.64±0.11 0.76(3) 0.23 0.78 
SB 48.21±10.38 55.86±13.42 - 9.31±1.39 0.08(3) 0.51 0.84 
 11.28±4.82 20.47±8.10 - 6.60±0.98 3.4(3) 0.79 0.63 
    0.67±0.08 - 0.20±0.05 0.04±0.01 0.22(3) 0.67 0.34 
BW 09.4±0.16 0.90±0.18 - 0.07±0.01 0.23(3) 0.61 0.93 
 0.44±0.10 - - 0.14±0.02 0.88(4) 0.69 0.82 
 9.91±1.51 - - 1.79±0.26 3.92(4) 0.76 0.87 
LP 6.60±0.94 - -3.26 ±0.52 0.93±0.14 0.54(3) 0.78 0.90 
 4.26±1.11 - - 1.78±0.26 2.29(4) 0.68 0.81 
 1.12±0.24 1.02±0.29 - 0.14±0.02 0.16(3) 0.58 0.90 
SI 0.15±0.12  0.46±0.06 0.35±0.05 2.35(3) 0.22 0.30 
 2.33±0.38 3.12±0.44 - 0.32±0.05 0.26(3) 0.51 0.88 
 0.58±0.10 0.74±0.12 - 0.09±0.01 3.51(3) 0.51 0.87 
FF 0.32±0.05 - - 0.05±0.01 5.7(4) 0.86 0.92 
 0.45±0.11 - - 0.15±0.03 0.89(4) 0.70 0.83 
 1.69±0.96 - - 2.11±0.29 0.33(4) 0.29 0.44 
FS 7.61±1.33 7.85±1.52 - 0.74±0.11 0.84(3) 0.58 0.91 
 2.34±2.30 5.71±4.27 - 1.98±0.30 0.06(3) 0.25 0.51 
 15.5±0.57 - - 1.13±0.16 3.24(4) 0.87 0.33 
FL 4.02±1.09 - - 1.16±0.31 1.40(4) 0.63 0.78 
 35.42±17.28 - - 3.671±5.06 6.50(4) 0.82 0.95 
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gene action for the same trait in different crosses of this study and in earlier reports may be 
due to difference of genetic background of the parent genotypes.  
Four parameter model (m [d] [i] [l]) and (m [d] [h] [l]) was found fit to the data of number of 
bolls per plant in the cross FH-1000 × Gumbo Okra and Russian Red × S-12 respectively. 
However, in cross FH-1000 × PBG-Fb-5 two parameter model (m [d]) was found adequate. 
These result reflect complex gene action in the crosses involving okra leaf and red leaf parent 
genotypes whereas, simple gene action was found prevailing in the cross involving frego 
bract. Additive type of gene action (Carvalho et al., 1995; Ahmad et al., 2003), dominance 
(Ahmad et al., 2000; Saravanan et al. 2003) additive with dominance (Ahmd et al., 2001) as 
well as interaction has been reported in cotton (Esmail, 2007; Karademir et al. 2009; Hussain 
et al. 2009) for the trait in earlier findings. Difference of gene action for the same trait in 
different crosses of this study and in earlier reports may be due to difference of genetic 
background of the parent genotypes.  
Model with five parameters (m [d] [h] [i] [j]) in cross FH-1000 x Gumbo Okra and  Russian 
Red × S-12 was found fit to the data for number of monopodial branches while the model 
with three parameters (m [d] [h]) was adequate in cross FH-1000 x PBG-Fb-5. These results 
reveal additive, dominance and interactions governing monopodial branches in the crosses 
involving okra leaf and red leaf parents. However, simple inheritance with additive and 
dominance effects was expressed for the trait in the cross of frego bract parent. Additive gene 
action (Khan and Hassan 2011), dominance (Ali et al. 2009) and additive, dominance and 
interactions for the trait in cotton (Ahmad et al., 2009) has been reported in the literature. 
Difference of gene action for the same trait in different crosses of this study and in earlier 
reports may be due to difference of genetic background of the parent genotypes.  
In the cross FH-1000 x PBG-Fb-5 three parameter model (m [d] [j]), while five parameters 
model (m [d] [h] [i] [l]) was found fit to data in the crosses FH-1000 x Gumbo Okra and 
Russian Red × S-12. These results indicate complex inheritance for number of sympodial 
branches. Additive type of gene action for number of sympodial branches has been reported 
by Ali et al. (2009) and Khan and Hassan (2011) whereas, Iqbal and Nadeem (2003) reported 
additive, dominance and interactions for this trait in cotton. Difference of gene action for the 
same trait in different crosses of this study and in earlier reports may be due to difference of 
genetic background of the parent genotypes.  
Five parameter models (m [d] [h] [i] [l]), (m [d] [h] [i] [j]) and (m [d] [h] [j] [l]) were found 
fit to the data for boll weight in the crosses FH-1000 x Gumbo Okra, FH-1000 x PBG-Fb-5 
and Russian Red × S-12 respectively, indicating complex inheritance for  this trait. Additive 
type of gene action (Ahmad et al., 2001; Mohammed et al., 2009), dominance (Bertini et al., 
2001) additive along with interactions (Subhan et al., 2000; Saravanan et al., 2003; Esmail 
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2007) additive, dominance and interaction (Ahmad et al. 2009; Hussain et al. 2009)  in 
cotton has  been reported for this trait in the literature. Difference of gene action for the same 
trait in different crosses of this study and in earlier reports may be due to difference of 
genetic background of the parent genotypes.  
Three parameter model (m [d] [l]), two parameter model (m [h]) and five parameter models 
(m [d] [h] [i] [l]) were found fit to the data for lint percentage in the crosses FH-1000 x 
Gumbo Okra, Russian Red × S-12 and in the third cross involving frego bract trait 
respectively. The results revealed complex inheritance for lint percentage in the crosses 
involving genotypes with okra leaf and frego bract trait. However, inheritance was simple in 
the cross involving parent with red leaf trait. Additive type of gene action (Islam et al., 2001; 
Khan et al., 2002; Saghir et al., 2003; Ali and Awan 2009) dominance (Ali et al. 2009) 
additive along with interactions (Esmail. 2007; Ahmad et al., 2009) dominance and 
interactions (Mehetre 2003) additive, dominance and interaction (Xin and Ming 1998; Singh 
and Yadavendran 2002; Mert et al., 2003) and only interactions (Ramalingam 2003)  in 
cotton has been reported for the trait in literature. Difference of gene action for the same trait 
in different crosses of this study and in earlier reports may be due to difference of genetic 
background of the parent genotypes.  
Five parameter model (m [d] [h] [i] [j]) was fit to the data for seed index in the cross FH-
1000 x Gumbo Okra.  Five parameter model (m [h] [i] [j]  [l]) was found fit to the data of two 
crosses involving the genotypes with traits frego bract and red leaf color. These results 
indicate that seed index is under the control of complex genetic effects in all the crosses.  
Additive type of gene action (Bertini et al. 2001), dominance (Mert et al., 2003) additive and 
dominance (Singh et al., 1985 and Wang and Li 1991) dominance along with interaction 
(Mehetre et al., 2003) additive, dominance and interactions (Rahman et al., 2005) in cotton  
has been reported for the trait in the literature. Difference of gene action for the same trait in 
different crosses of this study and in earlier reports may be due to difference of genetic 
background of the parent genotypes.  
  For fibre fineness three parameter model (m [d] [j]), models with five parameters (m [h] [i] 
[j] [l]) and (m [d] [h] [i] [j]) provided a good fit to data in the crosses FH-1000 x Gumbo 
Okra, FH-1000 x PBG-Fb-5 and Russian Red x S-12 respectively. The result reflects that 
fibre fineness is controlled by complex genetic effects. Additive type of gene action (Innes et 
al., 1975; Nadaranjan and Rangasamy 1990), additive along with dominance (Ali et al. 2008) 
additive and interactions (May and Green 1994) additive, dominance as well as interactions 
(Nadaranjan and Rangasamy 1992; Thangaraj et al., 2002) has been reported for the trait in 
the literature. Difference of gene action for the same trait in different crosses of this study 
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and in earlier reports may be due to difference of genetic background of the parent 
genotypes. 
Four parameter model (m [d] [i] [l]) was found satisfactory to data for fibre strength in cross 
FH-1000 x Gumbo Okra whereas, three parameter model (m [d] [h]) provided good fit to the 
other crosses FH-1000 x (PBG-Fb-5 and Russian Red × S-12. These results indicate that the 
trait is under of simple inheritance in the crosses involving frego bract and red leaf color. 
However the inheritance of the trait is complex in the cross involving genotype with okra leaf 
trait. Additive type of gene action (Saghir et al., 2003; Ali et al., 2009) dominance (Ali et al., 
2008) additive and dominance (Murtaza et al., (2004) additive and interactions (Rahman and 
Malik 2008) and interactions in cotton (Ahmad et al., 2009) has been reported for the trait in 
the literature. Difference of gene action for the same trait in different crosses of this study 
and in earlier reports may be due to difference of genetic background of the parent 
genotypes. 
Four parameter (m [d] [h] [l]) and (m [d] [h] [i]) provide a good fit to data for fibre length in 
the crosses (FH-1000 x Gumbo Okra) and (Russian Red × S-12) respectively. Whereas, three 
parameter model (m [d] [h]) was found adequate to cross FH-1000 x PBG-Fb-5. Genetic 
effects governing fibre length was complex in crosses involving the genotypes with traits 
okra leaf and red leaf genotype while inheritance was simple in the  third cross involving 
frego bract genotype as parent. Additive genetic effects (Nistor and Nistor 1999; Ali et al.,, 
2008; Ali et al., 2009) additive and dominance (Rahman and Malik 2008) additive, 
dominance and interaction (Lin and Zhao 1988; Ahmad et al. 2009) and interaction (Singh 
and Yadavendra 2002; Murtaza et al., 2004) for the trait in cotton have been reported in the 
literature. Difference of gene action for the same trait in different crosses of this study and in 
earlier report may be due to difference of genetic background o f the parent genotypes. 
Generation means analysis showed complex pattern of inheritance for almost all the traits 
under study. The complex inheritance pattern indicates that individual plant selection would 
be useful in later segregating generations. The effects of agronomic traits, plant height, bolls 
per plant, number of monopodial branches, number of sympodial branches, boll weight, lint 
percentage, seed index fibre fineness, fibre strength and fibre length in the crosses involving 
okra leaf, frego bract and red leaf color were different in the present study as well as in 
earlier reports may be due to different genetic background of genotypes/cultivars involved in 
crossing. So breeding strategy may be different for handling a population of cross for 
tailoring cultivars. 
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4.5. Generation variance analysis  
Generation variance analysis revealed that plant height, bolls per plant, monopodial branches, 
sympodial branches, boll weight, lint percentage, seed index, fibre fineness, fibre strength 
and fibre length, only additive and dominance genetic  components existed in the total 
genetic variation in the crosses. However, the trait boll weight in the cross involving okra 
leaf and lint percentage and seed index in the cross involving frego bract were under the 
effect of additive, dominance as well epistatic gene action. Generation means analysis 
revealed interaction while in generation variance analysis the interaction was not observed 
for most of the traits. The difference of results in generation means analysis and generation 
variance analysis would be due to the difference of technique used to find interaction (Malik 
and Wright, 1997). In case of variance model, differences of variances in parental and 
segregating generation are used to determine the genetic components whereas, in generation 
means analysis data of means and variance for parents and segregating generations are used. 
Cumulative interaction effects are calculated in generation variance analysis while generation 
means analysis compute all components of interaction (additive x additive, additive x 
dominance, dominance x dominance) hence generation means analysis is more reliable 
compared to generation variance analysis.    
4.6. Heritability of agronomic traits  
In the present study heritability estimates for plant height were medium to high in the crosses 
(table 4.8). High heritability for the trait has been reported by Basbag and Gencer, (2004) 
whereas, moderate heritability estimates for the trait have been reported by Natera et al. 
(2012) and Jagtap and Mehetre, (1998). The difference in heritability estimates for the same 
trait even under the same set of experimental conditions may be due to different genetic 
background of genotypes under study.  
Heritability estimates for number of boll were high in the crosses involving okra leaf and 
frego bract whereas, the estimate was moderate in the cross of red leaf cotton genotype. High 
heritability estimates in cotton (Siddique, 1997; Khan and Azhar 2000; Ahmad et al. 2003; 
and Esmail 2007) moderate heritability estimates (Jagtap and Mehetre, 1998; Basbag and 
Gencer, 2004; Murtaza, 2005) and low heritability estimate (Natera et al., 2012) have been 
reported for the trait in the literature. The difference in heritability estimates for the same trait 
even under the same set of experimental conditions may be due to different genetic 
background of genotypes under study.  
Heritability estimates for monopodial branches were higher in the cross involving frego bract 
and red leaf cotton. Whereas, heritability estimates were lower in the cross of okra leaf cotton 
genotype. High heritability for the trait (IKram et al., 1997; Abbas et al., 2008) as well as 
lower heritability estimates (Rasheed et al., 2009) in cotton have been reported for the trait in 
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the literature. The difference in heritability estimates for the same trait even under the same 
set of experimental conditions may be due to different genetic background of genotypes 
under study. 
Heritability estimate for sympodial branches was higher in the cross FH-1000 x PBG-Fb-5 
and Russian Red x S-12 whereas, it was lower in the cross FH-1000 x Gumbo Okra. Abbas et 
al., (2008) reported high heritability estimates for the trait in cotton whereas, Rasheed et al. 
(2009) reported lower heritability estimates for the trait. The difference in heritability 
estimates for the same trait even under the same set of experimental conditions may be due to 
different genetic background of genotypes under study.  
Result indicated higher estimates of heritability for boll weight in all the crosses. Moderate to 
high heritability estimates for boll weight in cotton has been reported by Jagtap and Mehetre 
(1998); Khan and Azhar (2000) and Abbas et al. (2008) whereas low heritability estimates 
(Murtaza 2005; Natera et al., 2012) have also been reported in the literature for the trait. The 
difference in heritability estimates for the same trait even under the same set of experimental 
conditions may be due to different genetic background of genotypes under study.  
Lint percentage exhibited higher estimates of heritability in all the crosses. High heritability 
estimates for lint percentage  in cotton have also been reported in literature (Wu et al., 2004; 
Desalegn et al., 2009; Rasheed et al., 2009; Khan et al., 2010) whereas, low heritability 
estimates(Basal and Turgut 2005; Ali et al., 2009) have also been reported in the literature 
for the trait. The difference in heritability estimates for the same trait even under the same set 
of experimental conditions may be due to different genetic background o f genotypes under 
study. 
Heritability estimates for seed index were moderate in the crosses of okra and red leaf cotton 
while the estimates were lower in the cross involving frego bract genotype. Higher 
heritability estimates in cotton (Khan and Azhar, 2000; Basbag and Gencer, 2004; Murtaza, 
2005) and lower heritability estimates (Ali and Awan, 2009; Natera et al., 2012) for the trait 
have been reported in the literature. The difference in heritability estimates for the same trait 
even under the same set of experimental conditions may be due to different genetic 
background of genotypes under study.  
Fibre fineness exhibited moderate to high estimates of heritability in all the crosses. Higher 
heritability for fibre fineness in cotton has been also reported by earlier researchers (Basbag 
and Gencer, 2004; Rahman and Malik, 2008; Natera et al., 2012) whereas moderate 
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heritability estimates have also been reported by Sigmongulyan and Kosoba (1975). The 
difference in heritability estimates for the same trait even under the same set of experimental 
conditions may be due to different genetic background of genotypes under study.  
Heritability estimates for fibre strength were moderate in the cross involving the genotype 
with frego bract trait whereas, lower heritability estimates were observed in the crosses 
involving genotypes with okra leaf and red leaf color trait. Higher heritability estimates have 
been reported by Sigmongulyan and Kosoba (1975); Vyahalkar et al., (1984); Basbag and 
Gencer, (2004); Ullao  (2006); Rahman and  Malik (2008); Akhatar et al (2008) and lower 
heritability estimates were observed by Meyers and Bordelon (1995); Ali et al., (2008); 
Natera et al., (2012);  The difference in heritability estimates for the same trait even under 
the same set of experimental conditions may be due to different genetic background of 
genotypes under study. 
 Fibre length exhibited higher heritability estimates in all the three crosses. Moderate to 
higher heritability estimates (Basbag and Gencer, 2004; Ullao 2006; Rahman and Malik 
2008; Natera et al., 2012) as well as lower heritability estimates in cotton (Meyers and 
Bordelon 1995; Ali et al., 2008; Rasheed et al., 2009) for the trait have been reported in 
literature. The difference in heritability estimates for the same trait even under the same set 
of experimental conditions may be due to different genetic background of genotypes under 
study. 
 Heritability of the traits varied involving the crosses of okra leaf, frego bract and red leaf 
color even in the same experimental conditions. These results suggest that while selecting 
plants from segregating population the heritability of the traits for that particular population 
may be considered. 
4.7. Correlation among the insect resistant traits and agronomical parameters  
Pair wise genotypic and phenotypic correlation of insect resistant traits using F2 populations 
of crosses involving okra leaf, frego bract and red leaf color are given in table 4.9, 4.10 and 
4.11 respectively. 
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Table 4.9. Phenotypic (upper) and Genotypic (lower) correlation of okra leaf (OL), plant height (PH), number of  bolls per 
plant (BP), number of monopodial branches (MB), number of sympodial branches (SB), boll weight (BW), lint percentage 
(LP), 100 seed index (SI), Fibre fineness (FF), fibre strength (FS) and fibre length (FL) in cotton.  
 
OL          PH         BP        MB        SB       BW         LP        SI  FF         FS 
PH    -0.246** 
      -0.289 
 
BP     0.110      0.502** 
       0.170      0.630                
 
MB     0.008     -0.401**   -0.43** 
       0.019     -0.570     -0.512 
 
SB     0.148**    0.438**    0.837**  -0.37** 
       0.240      0.523      0.879    -0.411 
 
BW    -0.007     -0.042     -0.103    -0.025     0.218* 
      -0.020     -0.120     -0.128    -0.120     0.269 
 
LP     0.171**   -0.196     -0.306*   -0.017     0.310*    0.743** 
       0.354     -0.253     -0413     -0.089     0.399     0.799 
 
SI    -0.485**    0.196*    -0.033     0.475**   0.43**   -0.60**   -0.53** 
      -0.489      0.256     -0.103     0.498     0.486    -0.71     -0.612 
 
FF     0.125*     0.137*    -0.22**    0.309**  -0.52**   -0.104     0.50**    -0.409** 
       0.189      0.213     -0.289     0.379    -0.601    -0.156     0.59      -0.511 
 
FS     0.009     -0.02       0.21**    0.52**    0.41**    0.143*    0.02       0.42** 
       0.177     -0.104      0.276     0.599     0.489     0.182     0.051      0.443          
 
FL     0.114*    -0.089      0.254**  -0.10      0.21*     0.152*    0.259**   -0.125* 
       0.182     -0.125      0.295    -0.191     0.310     0.201     0.302     -0.210           
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
-0.14* 
-0.190 
 
-0.11      0.46** 
-0.191     0.501 
*    =  Significant (P<0.05) 
** =  Highly significant (P<0.01) 
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Table 4.10. Phenotypic (upper) and Genotypic (lower) correlation of frego bract (FB), plant height (PH), number of  bolls per 
plant (NBP), number of monopodial branches (MB), number of sympodial branches (SB), boll weight (BW), lint percentage 
(LP), 100 seed index (SI), Fibre fineness (FF), fibre strength (FS) and fibre length (FL) in cotton. 
 
           FB       PH       BP       MB       SB       BW        LP     SI   FF      FS 
 
PH        0.015 
          0.073 
 
BP        0.029   -0.19* 
          0.059   -0.211 
 
MB        0.096    0.303**  0.090 
          0.123    0.499    0.099 
 
SB        0.021    0.059    0.812** -0.056 
          0.036    0.061    0.991   -0.110 
 
BW       -0.144*  -0.201** -0.14    -0.078   -0.036 
         -0.199    -0.299  -0.191   -0.136   -0.049 
 
LP       -0.15**   0.225** -0.002   -0.095   -0.167*    0.280** 
         -0.19     0.305   -0.015   -0.191   -0.239     0.391 
 
SI       -0.013    0.127*  -0.007    0.044    0.024*   -0.007   -0.32** 
         -0.11     0.186   -0.098    0.189    0.037    -0.019   -0.399 
 
FF        0.031   -0.060   -0.038    0.027   -0.069    -0.021    0.100  -0.325** 
          0.053   -0.108   -0.091    0.038   -0.079    -0.033    0.198  -0.398 
 
FS        0.051    0.127*  -0.116*   0.068   -0.101     0.065    0.037   0.023 
          0.069    0.211   -0.211    0.079   -0.21      0.134    0.038   0.056 
 
FL        0.031    0.051   -0.046    0.028    0.008    -0.029   -0.049  -0.033 
          0.051    0.159   -0.069    0.032    0.098    -0.033   -0.122  -0.059   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 0.048 
 0.153 
 
-0.12    0.023 
 -0.22 1           0.134 
*    =  Significant (P<0.05)   
** =  Highly significant (P<0.01 
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Table 4.11. Phenotypic (upper) and Genotypic(lower) correlation of red leaf (RL), plant height (PH), number of  bolls per 
plant (BP), number of monopodial branches (MB), number of  sympodial branches (SB), boll weight (BW), lint percentage 
(LP), 100 seed index (SI), Fibre fineness (FF), fibre strength (FS) and fibre length (FL) in cotton.  
 
  RL       PH       BP       MB         SB        BW       LP       SI   FF       FS 
PH     -0.081 
       -0.123 
 
BP     -0.123*   0.344** 
       -0.255    0.413 
 
MB     -0.155    0.11    -0.081 
       -0.243    0.199   -0.132 
 
SB     -0.175**  0.375**  0.715**  -0.036 
       -0.198    0.498    0.899    -0.21 
 
BW     -0.014   -0.042    0.121*    0.074     0.61** 
       -0.098   -0.131    0.166     0.121     0.73 
 
LP      0.138*  -0.024    0.421**   0.140*    0.157*   0.234** 
        0.199   -0.054    0.511     0.155     0.199    0.335 
 
SI     -0.012    0.205** -0.042    -0.16      0.029   -0.290**  -0.71** 
       -0.199    0.319   -0.133    -0.198     0.12    -0.311    -0.811 
 
FF      0.062    0.149*   0.023     0.060    -0.113    0.012     0.008    -0.20* 
        0.089    0.152    0.029     0.072    -0.139    0.023     0.012    -0.251 
 
FS     -0.188**  0.131*   0.101     0.145*    0.429**  0.160*    0.315**   0.123* 
       -0.213    0.159    0.121     0.155     0.512    0.198     0.388     0.145                  
 
FL      0.049   -0.103   -0.093     0.071     0.186    0.142*    0.59**   -0.61* 
        0.113   -0.133   -0.112     0.081     0.231    0.189     0.614    -0.87 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
-0.03 
 0.16 
 
-0.12   -0.292* 
-0.32   -0.313 
   * = Significant (P<0.05 )    
 ** = Highly significant (P<0.01) 
  
Positive association of okra leaf with number of sympodial branches, lint percentage, 
fibre fineness and fibre length was observed. These results suggest that okra leaf cotton 
genotypes may have more number of sympodial branches and produce more lint with fine 
and long staple. Negative correlation with seed index indicated that okra leaf type 
genotypes may have reduced seed weight. If seed size is small more seeds may be 
accommodated in boll and hence more lint would be produced in a cotton boll. High seed 
cotton yield in okra leaf genotypes was also reported by Rahman et al. (2005). Rate of 
photosynthesis is an important criterion for breeder to select high yielding genotypes 
(Pettigrew et al., 1993). Pettigrew et al. (2004) investigated photosynthetic response in 8 
cotton genotypes, and reported that photosynthetic rate was higher in two okra leaf 
genotypes compared to normal leaf. This increased rate of photosynthesis was attributed 
to more number of chlorophyll contents per unit area of leaf (Heithholt, 1994). Increased 
yield in okra leaf type cotton may be due to better light penetration, air circulation and 
insect resistance (Wilson 1986; Wells and Meredith, 1986; Meredith and Wells 1986; 
Auld, 2007). Jones (1982) reported that production of more flowers in okra leaf 
genotypes resulted increased yield. However, Andries et al. (1971) reported lower yield 
of okra leaf shape cotton genotypes. Lower yield of okra leaf genotypes of Andries and 
co-workers may be because of the low yield potential of the genotypes due to undesirable 
combination of yield contributing traits. 
Frego bract traits had negative correlation with boll weight, and lint percentage. This 
shows that frego bract genotypes may produce small bolls and hence lower lint yield. 
Malik et al. (2009) reported positive correlation between frego bract and fibre strength. 
Smith (2001) developed a frego bract line (TAM91-104FG) and compared fibre 
characteristic with commercial cultivars. Fibre obtained from frego bract line TAM91-
104FG was finer, longer and stronger compared to commercial Stoneville cultivar. 
Red leaf color had positive correlation with lint percentage while negative correlation 
with number of bolls, number of sympodial branches, and fibre strength. Positive 
correlation with lint percentage showed that red leaf cotton genotypes would produce 
more lint per boll, whereas, negative association with number of bolls, number of 
sympodial branches and fibre strength indicates that cotton plant with green leaves would 
produce comparatively higher number of sympodial branches and bolls as well as strong 
fibre. 
4.8. Correlation of agronomic traits in the recombinants having insect resistant 
traits  
Correlation analysis revealed that plant height had positive correlation with number of 
bolls per plant, sympodial branches, seed index and fibre fineness whereas it had negative 
correlation with monopodial branches in cross involving okra leaf genotype. Correlation 
  
of the trait was positive with monopodial branches, lint percentage, seed index and fibre 
strength while the correlation was negative with number of bolls and boll weight in the 
cross involving frego bract trait. Positive correlation of the trait with number of bolls, 
sympodial branches, seed index, fibre fineness and fibre strength was observed in the 
cross of red leaf cotton. Positive correlation of the trait with bolls per plant, sympodial 
branches (Azhar et al., 1999; Karademir et al., 2009; Wang et al., 2012) lint percentage 
(Ahuja et al., 2006) and negative correlation with monopodial branches, boll weight, lint 
percentage, fibre strength and fibre length (Rouf et al., 2004; Ahuja et al., 2006; Ahuja et 
al., 2008) in cotton has been reported in the literature.  
 Number of bolls had positive correlation with sympodial branches, fibre strength 
and fibre length and while negative correlation with monopodial branches, lint percentage 
and fibre fineness in the cross of okra leaf cotton, whereas the correlation of the trait was 
positive with sympodial braches and negative with fibre strength in the cross involving 
frego bract trait. In the cross involving red leaf color trait, positive correlation of the trait 
with sympodial branches, boll weight and lint percentage was observed. Positive 
association of the trait with sympodial branches, boll weight, fibre length, lint percentage 
and seed cotton yield has been reported by Murthy et al. (1995), Khan and Azhar (2000), 
Zhu et al. (2007), Ekinci et al. (2010) and Feiyu et al. (2012) whereas negative 
correlation of the trait with seed index, lint percentage and fibre fineness was reported by 
Wang et al. (2012) and Natera et al. (2012).   
 Correlation analysis revealed positive association of monopodial branches with 
seed index, fibre fineness and fibre strength and negative correlation with sympodial 
branches in the cross FH-1000 x Gumbo Okra. The correlation was positive with lint 
percentage and fibre strength in the cross Russian Red x S-12. Iqbal et al. (2003), Ahuja 
et al. (2006) and Nawab et al. (2011) reported positive correlation of the trait with 
sympodial branches, boll weight, lint percentage, fibre fineness, fibre strength and fibre 
length. Whereas, Ekinci et al. (2010) reported negative correlation of the trait with 
number of bolls and boll weight in cotton.  
  Sympodial branches positively correlated with boll weight, lint percentage, seed 
index, fibre strength and fibre length but negatively correlated with fibre fineness in the 
cross involving okra leaf trait. Positive correlation of the trait with seed index while 
negative with lint percentage was observed in the cross involving frego bract trait. In the 
cross involving red leaf cotton, the trait had positive correlation with boll weight, lint 
percentage and fibre strength. Ashokkumar and Ravikesvan (2010) and Wang et al. 
(2012) reported positive correlation of the trait with lint percentage in cotton. 
 There was positive correlation of boll weight with lint percentage, fibre strength 
and fibre length and negative correlation with seed index in the crosses involving okra 
  
leaf and red leaf trait. Whereas, in the cross involving frego bract trait, the trait had 
positive correlation with lint percentage. Positive correlation of the trait with lint 
percentage and seed index (Hussain et al., 2010) and seed cotton yield (Rouf et al., 2004; 
Gite et al., 2006; Preetha and Raveendran, 2008) has been reported in literature. 
However, negative correlation of the trait with lint percentage (Zeng et al., 2007; Wang et 
al., 2012) seed index (Khan and Azhar, 2000; Killi et al., 2005; Natera et al., 2012) fibre 
fineness, fibre length, (Natera et al., 2012) and fibre strength (Malik et al., 2006; Natera 
et al., 2012) has been reported. 
 Correlation analysis revealed that lint percentage had negative correlation with 
seed index in all the crosses however, it had positive association with fibre fineness and 
fibre length in the cross with okra leaf whereas the trait had positive association with fibre 
strength and fibre length in the cross involving red leaf genotypes. Positive correlation of 
the trait with fibre fineness (Tyagi, 1987; Hussain et al., 2010) and seed cotton yield (Gite 
et al., 2006; Feiyu et al., 2012) has been reported in literature. Negative correlation of the 
trait with seed index (Desalegn et al., 2009; Khan et al., 2011; Wang et al., 2012) fibre 
fineness (Ulloa and Meridith 2002) fibre strength (Hussain et al., 2010; Wang et al., 
2011; Saleem et al., 2011) and fibre length (Tyagi 1987; Qin et al., 2008; Basal et al., 
2009; Wang et al., 2011) has also been reported. 
 Seed index positively correlated with fibre strength in the crosses involving 
genotypes with okra leaf and red leaf color. Negative correlation of the trait with fibre 
fineness was prevailed in the all crosses. Negative association of the trait with fibre length 
was observed in the crosses of Gumbo Okra and Russian Red genotypes. Positive  
correlation of the trait with fibre strength (Hussain et al., 2010; Natera et al., 2012) 
negative correlation with fibre fineness (Ahmad and Azhar 2000; Desalegn et al., 2009) 
fibre strength (Hussain et al., 2010; Natera et al., 2012) and fibre length in cotton (Khan 
and Azhar 2000; Natera et al., 2012) has reported in literature.   
Correlation analysis revealed that fibre fineness had negative correlation with fibre 
strength in the crosses involving okra leaf genotype. Positive correlation of the trait with 
fibre strength (Azhar et al., 2004; Mei et al., 2004; Ganesan and Raveendran, 2010), fibre 
length (Azhar et al., 2004; Herring et al., 2004; Rahman et al., 2008; Malik et al., 2009) 
and negative correlation with fibre strength (Zeng et al., 2007; Desalegn et al., 2009; 
Hussain et al., 2010) has been reported in the literature.  
 Fibre strength positively correlated with fibre length in cross FH-1000 x Gumbo Okra. 
Whereas, correlation was negative in the cross involving genotype with red leaf color. 
The correlation of the trait with fibre length in cotton has been reported as positive (Ying 
and Jun 2004; Ulloa 2006; Desalegn et al., 2009; Hussain et al., 2010) in the literature. 
  
The association between different agronomic traits, in the crosses involving okra leaf; 
frego bract and red leaf color were not consistent even in the same set of experimental 
conditions in the present study. This is possible because the genotypes may have different 
combinations of genes produced by crossing over. So while breeding cultivars the 
correlation data of the population should be considered.  
4.9. Conclusion 
Present study and findings reported earlier show that the traits, okra leaf, frego bract and 
red leaf color are useful insect resistant traits. Developing, cultivars tailored with these 
traits would reduce the application of pesticide. These traits are qualitative in nature thus 
may easily be incorporated into breeding strains. There is a huge problem of sucking 
insect pests along with lepidopteron pests in cotton production in India, China and 
Pakistan. These countries are among the four largest producers of cotton. It is perception 
among the cotton breeders of these countries that the genotypes with the traits, okra leaf, 
red leaf color and frego bract do not have significantly lower insect pest attack compared 
to the genotypes without these traits. They also think that these traits have linkage with 
relatively inferior agronomic traits (personal communication). So in these countries, no 
variety with any of these traits has been developed. The present studies suggest that these 
traits have not any linkage with inferior agronomic traits. However, gene action and 
correlation of agronomic traits (plant height, number of bolls per plant, number of 
monopodial branches, number of sympodial branches, boll weight, lint percentage, seed 
index, fibre fineness, fibre strength and fibre length) of cotton genotypes with different 
insect resistant traits is different so breeding strategy to tailor productive cotton genotypes 
with an insect resistant trait would vary.  
4.10. Further studies 
Bt cotton cultivar would be crossed with the genotypes having insect resistant traits, okra 
leaf, frego bract and red leaf color. Bt cotton strains tailored with these traits would be 
tested in different geographical and environmental conditions to study their resistance 
against insect pests.  
  
  
CHAPTER 5                              SUMMARY 
 
The objective of present study was to assess insect resistance of Gossypium hirsutum 
genotypes/cultivars having insect resistant traits, okra leaf, frego bract and red leaf color 
against sucking and bollworm insects under well watered and water deficit condition; the 
genetics of the insect resistant traits and their effects on gene action of the agronomic 
traits (plant height, number of bolls, number of monopodial branches, number of 
sympodial branches, boll weight, lint percentage, seed index, fiber fineness, fiber 
strength, and fiber length) as well as correlation of insect resistant traits with the 
agronomic traits.  
 The genotypes/cultivars, Russian Red (red leaf cotton genotype), PBG-Fb-5 
(frego bract cotton genotype), Gumbo Okra (okra leaf cotton genotype), S-12, FH-1000 
and MNH-93 as well as an arboreum cultivar FH-170 were grown in the field conditions 
under zero pesticide application. The experimental plots were separated by netting, to 
keep the population buildup of insect pests within the genotype/cultivar. The observation 
was taken at interval of ten days beginning from 15th of July to 15th of October 2010. 
During this period bollworms as well as sucking insects attack was maximum. Earlier 
studies mention about the insect pest attack data in a single observation but in the present 
studies data of insect pest was taken at nine different times and the average population 
built up was calculated. Data was recorded from 10 healthy plants randomly selected 
from each genotype/cultivar in a replication. Population buildup of sucking insect pests 
(thrips, jassid, white fly, mites and aphids) was examined on per leaf bas is. Three leaves 
per plant each from top, middle, and bottom were examined for adult and nymph. The 
populations of bollworms (spotted bollworm, pink bollworm and American bollworm) 
were recorded as percentage infested bolls, squares and flowers on per plant basis. Data 
for relative water content of selected plants of each genotype/cultivar in a replication was 
recorded twice, 7 days after irrigation and 30 days after irrigation. The parental F1, F2 and 
backcross populations of the crosses involving okra leaf, frego bract, red leaf color 
genotypes with the normal genotypes/cultivars were also grown for genetic analysis.  
 The Gossypium arboreum cultivar FH-170 had minimum population build up of 
sucking and chewing insect pests. Among hirsutum genotypes/cultivars minimum 
infestation/population build up of thrips, mites, spotted bollworm and American 
bollworm was found on Gumbo okra. Minimum number of aphid attack was recorded on 
Russian Red. PBG-Fb-5 showed the most resistant response against pink bollworm. 
  
Population buildup of thrips, mites and aphid was higher under water deficit conditions 
compared to well watered conditions, whereas, population buildup of jassid, and white fly 
was higher under well watered conditions but was non-significant.  
In the cross involving okra leaf type F2 segregated into 1: 2: 1 ratio of okra, semi-okra and 
normal leaf, showing monogenic inheritance with incomplete dominance of okra leaf. In 
the cross involving frego bract, F2 segregated into 3: 1 ratio of  normal bract and frego 
bract showing monogenic inheritance, frego bract being a recessive trait. In the cross 
involving red leaf color F2 segregated into 1: 2: 1 ratio of red leaf, intermediate red leaf 
and normal green leaf, showing monogenic inheritance with incomplete dominance of red 
leaf color. Simple qualitative nature of the traits, okra leaf, frego bract and red leaf color 
reveals that the traits may be easily incorporated into commercial cultivars.   
The results of generation means showed that inheritance of agronomic traits (plant 
height, number of bolls, number of monopodial branches, number of sympodial branches, 
boll weight, lint percentage, seed index, fiber fineness, fiber strength, and fiber length) in 
the crosses involving okra leaf, frego bract and red leaf color were different. Heritability 
estimates for different agronomic traits in the crosses of okra leaf, frego bract and red leaf 
color varied from 0.26 to 0.95. These results showed the interaction of these insect 
resistant traits with agronomic traits. Correlation of traits, okra leaf, frego bract and red 
leaf color with agronomic traits showed that okra leaf positively correlated with 
sympodial branches, lint percentage, fiber fineness (measurement scale has inverse 
relationship with fiber fineness) and fiber length whereas, negative correlation of okra 
leaf was observed with plant height and seed index. Frego bract had negative correlation 
with boll weight and lint percentage. Red leaf color had positive association with lint 
percentage and negative correlation with number of bolls, sympodial branches and fiber 
strength. Negative correlation of these insect resistant traits with some desirable 
agronomic traits reveal that very large F2 population would be required to find insect 
resistant recombinants with desirable agronomic attributes. The correlations among 
agronomic traits in the crosses involving different insect resistant traits were different. 
These results suggest that while incorporating each insect resistant trait into a strain, a 
different breeding strategy will have to be followed.   
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                                                            Appendix-1A 
           
Analysis of Variance for genotypes/cultivar at two moisture contents (WW and WD 
conditions). 
 
 
RWC 
Source        DF                SS            MS          F         
Replication                2           7.57            3.79 
Genotype                   6        4961.21          826.87         
545.07**    
Water treatment            1        2242.12         2242.12        
2977.81**    
Genotype x water treatment 6         295.58           49.26          
32.47**    
Error                     24          36.41            1.52 
Total                     41        7544.40 
**  = Highly significantly      
  
  
                                                   
                                                                Appedix-1B 
Analysis of variance of genotypes/cultivars for insect pest population build up at two 
moisture contents (WW and WD conditions. 
Thrip   
Source              DF           SS               MS       F        
Replication              2              0.9                0.44 
Genotype                 6           2193.8              365.63     
226.31**   
Population               1           1522.3             1522.27       
1.32
 ns
    
Genotype x Population    6            127.6               21.27       
0.02
 ns
    
Error                   56          64816.5             1157.44 
Total                   83          68680.4 
 
 
Jassid   
Source              DF           SS               MS       F      
Replication              2              1.6               0.78 
Genotype                 6           2361.8             393.63       
530.83**    
Population               1           1171.5            1171.51         
0.99
 ns
     
Genotype x Population    6            130.3              21.72         
0.02
 ns
     
Error                   56          66080.3            1180.00 
Total                   83          69754.4 
 
Whitefly    
Source              DF           SS               MS       F      
Replication              2              4.0              1.98 
Genotype                 6           2362.2            393.69       
492.28**    
Population               1           1183.3           1183.25         
1.02
 ns
     
Genotype x Population    6            144.3             24.05         
0.02
 ns
     
Error                   56          65005.8           1160.82 
Total                   83          68709.0 
 
Mites   
Source              DF          SS               MS        F         
Replication              2              5.6              2.82 
Genotype                 6           2174.4            362.40       
206.99**   
Population               1           1470.7           1470.68         
1.24
 ns
    
Genotype x Population    6            127.8              1.30         
0.02
 ns
    
Error                   56          66310.7           1184.12 
Total                   83          70110.2 
 
n.s = Non-significant      
**  = Highly significantly    
  
 
Aphid    
Source              DF          SS             MS          F        
Replication              2            7.8             3.88 
Genotype                 6         2051.5           341.91         
529.86**    
Population               1         1563.6          1563.58           
1.38
 ns
     
Genotype x Population    6           86.6            14.44           
0.01
 ns
     
Error                   56        63396.7          1132.08 
Total                   83        67113.9 
 
 
Spotted bollworm   
Source              DF            SS           MS          F        
Replication              2            4.5              2.27 
Genotype                 6          2183.4           363.90        
332.19**   
Population               1          1055.6          1055.56          
0.97
 ns
    
Genotype x Population    6           204.6            34.10          
0.03
 ns
    
Error                   56         60983.0          1088.98 
Total                   83                         64444.30 
 
Pink bollworm  
Source              DF          SS             MS           
F       
Replication              2            4.1              2.04 
Genotype                 6          2487.0           414.51        
591.74**    
Population               1          1206.7          1206.66          
1.08    
Genotype x Population    6           146.9            24.48          
0.02    
Error                   56         62577.4          1117.45 
Total                   83         66430.5 
 
American bollworm   
Source              DF          SS             MS           
F        
Replication              2             8.7             4.33 
Genotype                 6            1991.7         331.96        
298.82**    
Population               1            1026.0        1025.99          
0.93
 ns
     
Genotype x Population    6             216.9          36.15          
0.03
 ns
     
Error                   56            61675.3       1101.35 
Total                   83            64931.9 
 
ns = Non-significant    
**  = Highly significantly      
 
  
Appendix-2 
Analysis of variance of genotypes/cultivars for insect pest population build up (taken 
at 9 different dates). 
 Thrip   
 
Source        DF           SS             MS           F        
Genotype       6          19.8887        3.31478    228.76**    
Replication    2           0.0027        0.00272      0.18
 ns
      
Error         12           0.1739        0.01449 
Total         20 
 
Jassid   
 
Source        DF           SS             MS           F      
Genotype       6           2.41192       0.40199   53.38**  
Replication    2           0.01736       0.01736    2.50
 ns
    
Error         12           0.09040       0.00753 
Total         20 
 
Whitefly    
 
Source        DF           SS             MS           F         
Genotype       6          12.8001         2.13336   474.08**  
Replication    2           0.0039         0.00388     0.95
 ns
    
Error         12           0.0486         0.00405 
Total         20 
 
Mites   
 
Source        DF           SS             MS           F         
Genotype       6          74.8593        12.4766    110.22**  
Replication    2           0.0097         0.0097      0.09
 ns
    
Error         12           1.3592         0.1132 
Total         20 
 
Aphid  
Source         DF          SS             MS           F        
Genotype       6          84.2406        14.0401     17.91**  
Replication    2           1.9018         1.9018      2.43
 ns
    
Error         12           9.4085         0.7840 
Total         20 
 
n.s = Non-significant 
**  = Highly significantly  
 
 
  
  
Spotted bollworm   
 
Source         DF          SS             MS           F        
Genotype       6         134.418         22.4029     47.63**  
Replication    2           1.262          1.2624      2.684
 
ns
    
Error         12           5.644          0.4703 
Total         20 
          
Pink bollworm 
 
Source         DF          SS             MS           F       
Genotype       6           4.33526        0.72254    
290.176**  
Replication    2           0.00237        0.00137     0.550
 
ns
   
Error         12           0.02697        0.00249 
Total         20 
 
 American bollworm   
 
Source         DF          SS             MS           F         
Genotype       6         191.925         31.988     
244.184**    
Replication    2           0.333          0.167      1.274
 ns
    
Error         12           1.570          0.131 
Total         20 
 
  
ns = Non-significant 
**  = Highly significantly  
 
 
 
 
 
 
 
  
  
Appendix-3A 
 
Analysis of variance of generation means (parents, F1, F2 and backcrosses) for the 
cross FH-1000 x Gumbo Okra. 
 
Plant height  
Source        DF           SS           MS        F        
Generation     5     239.78      47.96    13.59**     
Replication    2         0.87        0.43     0.12
ns
     
Error         10       35.29        3.53 
Total         17     275.93 
 
Number of bolls 
Source        DF           SS           MS        F       
Generation     5      21.711       4.342   17.95**     
Replication    2        0.728       0.364    1.50
 ns
   
Error         10        2.419       0.242 
Total         17      24.857 
 
Number of monopodial branches 
Source        DF           SS           MS        F         
Generation     5       1.32214     0.26443 60.75**     
Replication    2       0.01011     0.00506 1.16
 ns
    
Error         10       0.04353    0.00435 
Total         17       1.37578 
 
Number of sympodial branches 
Source        DF           SS           MS        F         
Generation     5      40.0541      8.0108 114.96**     
Replication    2       0.2088      0.1044   1.50
 ns
   
Error         10       0.6968      0.0697 
Total         17      40.9597 
 
Boll weight  
Source        DF           SS           MS        F    
Generation     5       1.2101      0.2420  15.77**  
Replication    2       0.0112        0.0056   0.37
 ns
  
Error         10       0.1534        0.0153 
Total         17       1.3748 
ns = Non-significant 
**  = Highly significantly  
  
  
Lint percentage 
Source        DF           SS          MS         F         
Generation     5     18.809      3.762    16.55**     
Replication    2       1.024      0.512     2.25
 ns
     
Error         10       2.273      0.227 
Total         17     22.107 
 
Seed index  
Source        DF           SS          MS         F         
Generation     5     18.2543    3.6509  261.12** 
Replication    2      0.0898     0.0449    3.21
 ns
     
Error         10      0.1398     0.0140 
Total         17     18.4839 
 
Fiber fineness 
Source        DF           SS        MS          F         
Generation     5     0.35121      0.07024    10.96**     
Replication    2     0.00360      0.00180     0.28
 ns
     
Error         10     0.06409      0.00641 
Total         17     0.41890 
 
Fiber strength  
Source        DF           SS           MS          F       
Generation     5     12.955       2.591      10.72**     
Replication    2       0.204       0.102       0.42
 ns
     
Error         10       2.417       0.242 
Total         17     15.575 
 
Fiber length  
Source        DF           SS         MS          F       
Generation     5      6.065        1.213     11.10**     
Replication    2      0.232        0.116       1.06
 ns
     
Error         10      1.093        0.109 
Total         17      7.390 
ns = Non-significant 
**  = Highly significantly  
 
 
 
 
  
  
Excised leaf water loss  
Source        DF           SS          MS         F         
Generation     5        2.91         0.58      0.51
 ns
     
Replication    2        1.65       0.82      0.71
 ns
     
Error         10      11.52       1.15 
Total         17      16.08 
 
Relative water content  
Source        DF           SS          MS         F         
Generation     5       71.3          14.3       1.17
 ns
     
Replication    2       44.3          22.1       1.81
 ns
     
Error         10        122.3          12.2 
Total         17        237.9 
 
ns = Non-significant 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Appendix-3B 
 
Analysis of variance of generation means (parents, F1, F2 and backcrosses) for the 
cross FH-1000 x PBG-Fb-5. 
Plant height  
Source        DF           SS           MS        F        
Generation     5     228.14      45.63      9.44**    
Replication    2       19.03        9.52      1.97
 ns
   
Error         10       48.35        4.84 
Total         17     295.52 
 
Number of bolls 
Source        DF           SS           MS        F       
Generation     5       3.3535      0.6707    27.01**     
Replication    2       0.0090        0.0045     0.18
 ns
     
Error         10       0.2483        0.0248 
Total         17       3.6108 
 
Number of monopodial branches 
Source        DF           SS           MS        F         
Generation     5       0.4214        0.0843     4.62*  
Replication    2       0.0211        0.0105     0.58
 ns
 
Error         10       0.1822        0.0182 
Total         17       0.624 
 
Number of sympodial branches 
Source        DF           SS           MS        F         
Generation     5        7.196       1.439      5.15**     
Replication    2        2.223         1.111      3.98*     
Error         10        2.796         0.280 
Total         17      12.214 
 
Boll weight  
Source        DF           SS           MS        F    
Generation     5       1.54572     0.30914   36.06**  
Replication    2       0.02876     0.01438    1.68
 ns
   
Error         10       0.08572       0.00857 
Total         17       1.66020 
 
ns = Non-significant 
*    = Significantly  
**  = Highly significantly  
  
  
Lint percentage 
Source        DF           SS          MS         F         
Generations    5     15.4611      3.0922      44.81**    
Replications   2      0.5563      0.2781       4.03*     
Error         10      0.6900      0.0690 
Total         17     16.7075 
 
 
Seed index  
Source        DF           SS          MS         F         
Generations    5     13.3240      2.6648      28.02**     
Replications   2      0.3639      0.1819       1.91
 ns
     
Error         10      0.9509      0.0951 
Total         17     14.6389 
 
Fiber fineness 
Source        DF           SS        MS         F         
Generations    5      0.31589     0.06318       12.85**    
Replications   2          0.00273     0.00137        0.28
 ns
    
Error         10      0.04916     0.00492 
Total         17      0.36779 
 
Fiber strength  
Source        DF           SS            MS        F       
Generations    5          7.444       1.489        5.70**     
Replications   2          0.447       0.223        0.85
 ns
     
Error         10          2.614       0.261 
Total         17         10.504 
 
Fiber length  
Source        DF           SS         MS         F       
Generations    5      2.7011      0.5402         9.39** 
Replications   2      0.0042      0.0021         0.04
 ns
 
Error         10      0.5752      0.0575 
Total         17      3.2805 
ns = Non-significant 
*    = Significantly  
**  = Highly significantly  
 
  
  
 
Excised leaf water loss  
Source        DF           SS          MS         F         
Generations    5       1.420       0.284        1.16
 ns
     
Replications   2       0.194       0.097        0.40
 ns
     
Error         10       2.449       0.245 
Total         17       4.063 
 
Relative water content  
Source        DF           SS          MS         F         
Generations    5        113.06       22.61         2.46
 ns
     
Replications   2         84.78       42.39         4.61
 ns
     
Error         10         91.88        9.19 
Total         17        289.72 
 
ns = Non-significant 
**  = Highly significantly  
 
 
  
  
Appendix-3C 
 
Analysis of variance of generation means (parents, F1, F2 and backcrosses) for the 
cross Russian Red × S-12 
Plant height  
Source        DF           SS           MS        F        
Generations    5     136.72      27.34       6.62**     
Replications   2       27.43      13.72       3.32
 ns
     
Error         10       41.33          4.13 
Total         17     205.48 
 
Number of bolls 
Source        DF           SS           MS        F       
Generation     5     50.40112   10.08022 1890.67**     
Replication    2       0.10803       0.05401   10.13**     
Error         10       0.05332       0.00533 
Total         17     50.56246 
 
Number of monopodial branches 
Source        DF           SS           MS        F         
Generation     5       3.1327        0.6265    40.88** 
Replication    2       0.0334        0.0167     1.09
 ns
 
Error         10       0.1533        0.0153 
Total         17       3.3194 
 
Number of sympodial branches 
Source        DF           SS           MS        F         
Generation     5     51.58656      10.31731 1465.04** 
Replication    2       0.06633       0.03317    4.71*  
Error         10           0.07042       0.00704 
Total         17          51.72332 
 
Boll weight  
Source        DF           SS           MS        F    
Generation     5       0.9318      0.1864    13.75** 
Replication    2       0.0069        0.0035     0.25
 ns
 
Error         10       0.1355        0.0135 
Total         17       1.0742 
ns = Non-significant 
*    = significant 
**  = Highly significantly  
  
  
Lint percentage 
Source        DF           SS          MS         F         
Generation    5          39.806        7.961      46.18** 
Replication    2      1.115        0.557       3.23
 ns
 
Error         10       1.724        0.172 
Total         17     42.645 
 
 
Seed index  
Source        DF           SS          MS         F         
Generation     5      0.9049       0.1810      7.11** 
Replication    2          0.0451       0.0226      0.89
 ns
 
Error         10          0.2544       0.0254 
Total         17          1.2044 
 
Fiber fineness 
Source        DF           SS        MS         F         
Generation     5          0.67925      0.13585     16.94** 
Replication    2          0.01509      0.00754      0.94
 ns
 
Error         10          0.08018      0.00802 
Total         17          0.77452 
 
 
Fiber strength  
Source        DF           SS            MS        F       
Generation     5         10.310        2.062       3.90*     
Replication    2          0.396        0.198       0.38
 ns
   
Error         10          5.284        0.528 
Total         17         15.990 
 
Fiber length  
Source        DF           SS         MS         F       
Generation     5          7.972        1.594        9.75** 
Replication   2          0.223        0.111        0.68
 ns
    
Error         10          1.635        0.163 
Total         17          9.829 
ns = Non-significant 
*    = significant 
**  = Highly significantly  
 
 
  
  
Excised leaf water loss  
Source        DF           SS          MS         F         
Generation     5       5.199        1.040       1.97
 ns
  
Replication    2          1.343        0.672       1.28
 ns
 
Error         10          5.266        0.527 
Total         17         11.809 
 
Relative water content  
Source        DF           SS          MS         F         
Generation     5        222.2         44.4         0.64
 ns
     
Replication    2        504.2        252.1         3.62
 ns
     
Error         10        695.7         69.6 
Total         17       1422.1 
ns = Non-significant 
 
 
